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AcOH acetic acid 
Ac2O acetic anhydride 
AcCl acetyl chloride 
ADME absorption･distribution･metabolism･excretion 
AUC area under the curve 
BID bis in diu (twice a day) 
BMI body mass index 
Boc tert-butoxycarbonyl 
BOP (benzotriazol-1-yloxy)-tris(dimetylamino)phosphonium hexafluorophosphate 
n-BuLi n-butyllithium 
t-BuOH tert-butyl alcohol 
t-BuOK potassium tert-butoxide 
Cmax maximum plasma concentration 
CYP cytochrome P450 
CL total body clearance 
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene 
DHP 3,4-dihydro-2H-pyran 




DPPA diphenylphosphoryl azide 
DMSO dimethyl sulfoxide 
eDIO established diet-induced obesity 
EI electron ionization 
ESI electrospray ionization 
Et3N triethylamine 
Et2O ethyl ether 
EtOAc ethyl acetate 
EtOH ethyl alcohol 
iv
F bioavailability 
FAB fast atom bombardment 
HATU o-(7-aza-1H-benzotriazol-1-yl)-N,N,N’,N’-tetramethyluroniium hexafluorophosphate 
HLM human liver microsomes 
HTS high throughput screening 
IC50 50% inhibitory concentration 
ID50 50% inhibitory dose 
iv intravenous injection 
LC/MS/MS liquid chromatography-tandem mass spectrometry 
LDL low density lipoprotein 
MC methyl cellulose 
MeMgBr methylmagnesium bromide 
MeOH methyl alcohol 
MLM murine liver microsomes 
MsCl methanesulfonyl chloride 
NaOEt sodium ethoxide 
NaOMe sodium methoxide 
NCS N-chlorosuccinimide 
NMP N-methylpyrrolidone 
NADPH reduced nicotinamide adenine dinucleotide phosphate 
OATP organic anion transporting polypeptide 
PCC pyridinium chlorochromate 
PD pharmacodynamics 
Pd/C palladium on carbon 
Pd(OAc)2 palladium acetate 
Ph phenyl 
PK pharmacokinetics 
PPTS pyridinium p-toluenesulfonate 
iPr2O diisopropyl ether 
iPrNEt2 diethyl(isopropyl)amine 
PrOH propanol 
po per os (oral administration) 
vPy pyridine 
q.d. quaque die (once a day) 
QOL quality of life 
SAR structure activity relationship 
SCD stearoyl-CoA desaturase 
t1/2 terminal elimination half-life 
T3P propylphosphonic anhydride 
TBACl tetrabutylammonium chloride 
TFA trifluoroacetic acid 
tmax time to reach maximum plasma concentration 
TMEDA tetramethylethylenediamine 
TMSCl trimethylsilyl chloride 
TMSCN trimethylsilyl cyanide 
THF tetrahydrofuran 
THP tetrahydropyran 
TsOH p-toluenesulfonic acid 
TsCl p-toluenesulfonyl chloride 
Vd volume of distribution 











本邦の 2012 年時点における肥満者（BMI≧25）の割合は、男性 29.1%、女性 19.4%、医
療機関や健康診断にて血中コレステロール高値を指摘された者の割合は、男性 32.6％、女
性 34.1%であり、年々増加している 3。さらに、糖尿病有病者は 950 万人、糖尿病予備群




ボリックシンドロームに比べ、2 型糖尿病の発症リスクが 3～6 倍上昇し、心血管疾患発










ミクロソーム酵素である Stearoyl-CoA desaturase（SCD）は、長鎖飽和脂肪酸から 1 価不






SCD のアイソザイムはヒトで 2 つ、マウスで 4 つが同定されており、ヒト SCD-1 はマ
ウス SCD-1 と 85％の相同性を示す 6。マウスの SCD-1 は主に肝臓、脂肪組織、皮脂腺に、
SCD-2 は肝臓以外の全身に、SCD-3 は皮膚に、SCD-4 は主に心臓に発現している 7。 
マウスにおける 4 つのアイソザイムのうち、SCD-1 が脂質代謝や体重コントロールに重
要な役割を果たしていることがこれまでの多く報告で明らかとなっている。げっ歯類の
SCD-1 欠損では、肝臓におけるトリグリセリドやコレステロールエステルの合成不全を引






ヒト SCD-1 は主に脂肪組織と肝臓に発現している 10。ヒトにおける肥満や脂質異常症へ
の SCD-1 の関与についてはまだ仮説段階であるが、高トリグリセリド血症患者と SCD-1
活性上昇との関連 11や BMI 及びインスリン量増加と SCD-1 活性亢進との関連が報告され
ている 12。また、SCD-1 活性の指標である脂肪酸不飽和度（オレイン酸（C18:1）／ステ
アリン酸（C18:0））が高い程、血漿中のトリグリセリド量が増加する 13ことが知られてい
る。一方、ヒトにおけるもう一つの SCD は、霊長類特有の SCD-5 であり、主に脳と膵臓
3 
に発現している 14。SCD-5 の機能や作用はほとんど解明されていない。 
SCD-1 欠損が体重や肥満、インスリン感受性に及ぼす影響についての詳細は解明されて





SCD-1 は 1970 年代にその存在が明らかになり、SCD-1 阻害剤についての研究は 2000 年
以降に進展した。2005 年に初の低分子 SCD-1 阻害剤に関する特許が Xenon 社から公開さ
れた 19のを皮切りに、これまでに 17 社の製薬企業から 100 報を超える特許が公開されて






Xenon 社のピリダジルピペラジン骨格を有する XEN-103（1）は、in vivo 評価において
SCD-1 阻害作用を示し、また肥満 2 型糖尿病モデルの Zucker fatty ラット 20において体重
増加を抑制した。しかし、安全性評価にてラットの皮膚や眼に副作用が認められたことが
報告されている 21。Abbott 社からはピリダジルピペリジン骨格化合物 2 が報告されている
22。Merck 社の MK-8245（3）は、テトラゾール酢酸構造が肝臓や小腸に発現しているトラ
ンスポーターである OATP23 に認識され、OATP を介して肝臓の選択性を高めている 24。
MK-8245 は、eDIO マウスを用いた 4 週間の非臨床試験において、抗糖尿病作用と肝臓に
おける脂質プロファイルの改善が認められ、皮膚や眼の異常は発現しなかったことが報告
されている 23。GSK 社からは、ピラゾール骨格化合物 4 が報告され 25、このピラゾール環
4 
は他のヘテロ環（トリアゾール、チアゾール、チアジアゾール）に変換可能であることが
見出されている 26。Pfizer 社からは、フェノキシピロリジン構造の化合物 5 が報告されて
いる 27。CV Therapeutics 社の 2-oxo-2H-quinozalin 骨格化合物 6 は、in vivo 薬理評価にてラ
ットの肝臓トリグリセリド濃度を 50％低下させた（vs vehicle, 20 mg/kg BID）28。 
 Xenon















第 1 章では、チアゾール骨格を有する新規 SCD-1 阻害物質の発見とリード化合物 7a の
構造変換により PK プロファイルが改善した 18a の創出について述べる。HTS ヒット化合
物 7a の強力な SCD-1 阻害活性を保持しつつ PK プロファイルを改善するための戦略と合
5 
成について述べる。第 2 章では、チアゾール誘導体 18a の更なる PK プロファイルの向上
を目指し、構造最適化を目的とした化合物のデザイン、合成、及び構造活性相関（SAR）
について述べる。また、構造最適化により見出された強力な in vitro 阻害活性を有する化
合物 18a、18c、18e、18j、18k、50b、50c の in vivo 評価について述べ、一連の化合物の
PK-PD を考察する。第 3 章では、チアゾール誘導体とは別系統の化合物として、ベンゾイ
ルピペリジン誘導体の創出と SARについて述べる。リード化合物 51aの構造変換により、
代謝安定性及び PK プロファイルが著しく改善した有望化合物を複数見出すことに成功し
た過程を報告し、物性の改善と PK-PD との関連を考察する。第 4 章では、ベンゾイルピ
ペリジン誘導体のバックアップ化合物としてスピロピペリジン誘導体の創出について述
べる。スピロ骨格及び左側部位の SAR を明らかにし、強力な in vitro 及び in vivo 阻害活性
を有する 79a の PK プロファイルについて報告する。第 5 章では、オキサジアゾール骨格
スピロピペリジン誘導体の創出と SAR について述べる。オキサジアゾール誘導体の





























Figure 2. Structures of novel and potent SCD-1 inhibitors. 
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本論 
第 1 章 チアゾール骨格を有する新規 SCD-1 阻害化合物の創出 
 





in vitro における無細胞系にてステアリン酸（C18:1 N9）からオレイン酸（C16:1 N7）への
変換率を測定することにより算出した。その結果、SCD-1 阻害活性が IC50 (mouse) = 2 nM、
IC50 (human) = 3 nM と強力な活性を示し、ユニークなフェニル-N-（5-ベンジルチアゾール
-2-イル）アクリルアミド構造をファーマコフォアとする 7a を見出した（Figure 3）。7a は、
in vitro において非常に強力な SCD-1 阻害活性を示したが、C57BL/6J マウスに経口投与し
たところ、全く血漿中に検出されなかった（20 mg/kg、0.5% MC）。そこで、7a をリード
化合物として、7a の SCD-1 阻害活性は保持又は向上しつつ PK プロファイルを改善する
ことを目指し、誘導体展開を開始した。 
経口投与時の血漿中化合物濃度には、化合物の代謝安定性と腸管からの吸収性が大きく
関与する。7a を C57BL/6J マウスに静脈注射（iv）投与した結果、非常に消失が速く、7a







IC 50(mouse) a = 2  nM
IC 50(human) a = 3  nM






Figure 3. Structure of lead compound 7a and cyclization to bicyclic ring analogs. 
a Values are the arithmetic means of at least two experiments. 
b A 20 mg/kg dose of each compound was administered to C57BL/6J mice (n = 3) orally  
(0.5% MC) using an intubation tube. Plasma samples (20 L) were collected up to 8 h after  




第 2 節 新規チアゾール誘導体の合成 
チアゾール誘導体 7a-7g の合成法を Scheme 1 に示す。 
まず、鍵となるアミノチアゾール中間体 9a を合成した。初期の合成法は、Obushak ら
により報告された合成法 29を用い、市販のアミン 8 をジアゾニウム塩とし、アクロレイン
との Meerwein 反応により 9a に導いた。しかし、この工程は低収率であり、スケールを上
げることや再現性よく 9a を得ることが難しかったため、9a 合成の改良法を試みた。市販
のヨード体 10a とパラジウム触媒を用いてアリルアルコールをアリール化 30し、異性化を
経てアルデヒド 11a を 89％の収率で得た。続いて、11a のカルボニル α 位を NCS でクロ
ロ化 31し、チオウレアと縮合することで目的の 9a を 2 工程 57％の収率で得ることに成功
し、当初の合成法より高収率かつ再現性よくグラムスケールで 9a を合成する方法を確立
した。 
7a-7g の右側部位に対応するカルボン酸及び酸塩化物として、市販の 12a-12g を用いて
左側部位中間体 9a と縮合することで目的化合物 7a-7g を合成した。 
 
Scheme 1. Synthesis of thiazole analogues 7a-7g. 
d e, f





 7a, b, d, e, f
g (7a)








































Reagents and conditions: (a) conc. HCl, NaNO2; (b) MgO, CuCl2･2H2O, acrolein/acetone, 0 °C;  
(c) thiourea, EtOH, reflux; (d) allyl alcohol, Pd(OAc)2, TBACl, NaHCO3, DMF, 50 °C; (e) NCS, 
proline, CH2Cl2, rt; (f) thiourea, EtOH, reflux; (g) 9a, HATU, Et3N, DMA; (h) oxalyl chloride, 
DMF, CH2Cl2; (i) 9a, Et3N, CH2Cl2; (j) 9a, HOBt, EDCI, DMA; (k) 9a, Et3N, CH2Cl2 (7c) or 
DMA (7g). 
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チアゾール誘導体 15、18a、20、23 の合成法を Scheme 2 に示す。15 の右側部位である
中間体 14 は、市販のカルボン酸 13a の 4 位ヒドロキシ基を 2-bromoethanol を用いてアル
キル化して合成した。18a の中間体 17 は、14 と同様に 16 の 3 位ヒドロキシ基をアルキル
化し、末端の 1 級アルコールを THP で保護し、エステルを加水分解することで得た。20
の中間体 19 は、カルボン酸 13 をベンジル保護した後に、ヒドロキシ基を methyl 
bromoacetate でアルキル化し、ベンジル基を接触還元により脱保護することで合成した。
23 の中間体 22 は、市販の 21 を出発物質とし、ヒドロキシ基を 2-bromoethanol でアルキル
化した。続いて、末端のアルコールをメシル化し、morpholine を用いてアミノ化した後に
エステルを加水分解し 22 へ導いた。 
これら右側部位中間体 14、17、19、22 と左側部位の 9a（Scheme 1）を HATU を用いて
縮合した。このアミド化は非常に遅く、加熱しても収率はあまり向上しなかった。14、22
は 9a との縮合により最終体 15、23 を得、17、19 は縮合後、脱保護することで最終目的
物 18a、20 を得た。 
10 





 a: R 1 = -CH3, 
     R 2 = -CH2CO2H; 49% (2 steps)
 b: R 1 = -CH2CO2H, 












 a: R 1 = -CH3, 
     R 2 = -CH2CO2Me; 15% (3 steps)
 b: R 1 = -CH2CO2Me, 
     R 2 = -CH3; 12% (3 steps)





 a: R 1 = -CH3,
     R 2 = H
 b: R 1= H, 















































































Reagents and conditions: (a) 2-bromoethanol, KOH, EtOH/H2O (2:1); (b) 9a, HATU, Et3N, DMA, 
rt to 70 °C; (c) 2-bromoethanol, K2CO3, DMA, reflux; (d) DHP, PPTS, CH2Cl2, rt; (e) 1N NaOH, 
dioxane, 70 °C; (f) 1N HCl, MeOH; (g) benzyl bromide, Na2CO3; (h) methyl bromoacetate, 
K2CO3; (i) H2, Pd/C; (j) 1N NaOH, 1,4-dioxane/MeOH; (k) 2-bromoethanol, KI, K2CO3, 
cyclohexanone, 0 °C to reflux; (l) MsCl, Et3N, THF; (m) morpholine, K2CO3, CH3CN, reflux;  




第 3 節 チアゾール誘導体の構造変換 
チアゾール誘導体の in vitro 阻害活性を Table 1 に示す。ナフチル誘導体 7b はマウス及
びヒト SCD-1 阻害活性において 7a と同等の強力な阻害活性を示した。しかし、7b のメト
キシ基を H で置換した 7c は阻害活性が消失した。ナフタレン環を 3,4-ジメチルフェニル





ベンゼン環の 3 位又は 4 位にメトキシ基を一つ導入した 7f、7g は十分な阻害活性を示
さなかったことから、ベンゼン環の 3,4 位へ置換基をそれぞれ導入することが阻害活性向
上に重要であると考えられた。そこで、7e の右側ベンゼン環 3,4 位の置換基について検討
することとした。リード化合物 7a の右側部位の大きさを考慮して、7e の右側ベンゼン環
部位を 2 炭素伸長し、さらに PK の向上を目的に親水性置換基であるヒドロキシエトキシ
基を導入することとした。その結果、4 位にヒドロキシエトキシ基を導入した 15、同様に





（Table 1）。ヒトにおける不飽和化酵素は、SCD-1 の9 不飽和化酵素の他に6 不飽和化
酵素と5 不飽和化酵素が存在している 32。7f を除く全ての化合物は、6 不飽和化酵素に
対し 10 M で 50%に満たない極めて弱い阻害率を示し、これらの系統は6 不飽和化酵素
に対して SCD-1 の選択性があることが示唆された。 
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Table 1. Evaluation of different right-hand parts of 7. 






































IC 50 a (nM)
mouse 9













































5-ベンジル-チアゾール誘導体の代表化合物としてリード化合物 7a に匹敵する強力な in 
vitro 阻害活性を有する 15 と 18a を C57BL/6J マウスに経口投与し、PK プロファイルを確
認した（Table 2）。15 は bioavailability は低いものの、ある程度血漿中に曝露されることが
確認された。これに対し、右側末端側鎖の位置異性体である 18a は 15 の 50 倍以上の血漿
中濃度を認め、bioavailability も改善していた（F = 12%）。良好な PK プロファイル獲得に
は、右側ベンゼン環上の置換基は 18a の 3 位ヒドロキシエトキシ置換が適していることが
明らかになった。 
また、15、18a のクリアランスは 7a に比べ顕著に小さくなっていることから、構造変
換により代謝安定性が改善し、経口投与時の血漿中濃度向上に繋がったことが示唆された。 
 
Table 2. PK parameters of selected compounds after oral administration to C57BL/6J mice  
(20 mg/kg) a. 
a A dose of each compound was either intravenously (5 mg/kg, DMA/Tween80/saline=10/10/80) 
injected into the tail vein of C57BL/6J mice (n = 2) or orally (20 mg/kg, 0.5 % MC, n = 3)
administered using an intubation tube. Plasma samples (20 L) were collected up to 8 h after
intravenous or oral administration. The plasma concentrations of compounds were determined by
LC/MS/MS.
b Values are the arithmetic means of at least two experiments. c Not detected.
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3.5 0.7 120.9 170.424.7







第 4 節 まとめ 
HTS ヒット化合物から独自のリード化合物 7a を見出した。7a は、in vitro において非常





た。また、ナフタレン体 7b のメトキシ基を H に置換した 7c は阻害活性が消失し、ジメ
チルフェニル体 7dは阻害活性が弱くジメトキシフェニル体 7eは阻害活性を維持したため、
右側部位末端の置換基が in vitro における SCD-1 阻害活性に大きく影響することが示唆さ
れた。誘導体展開の伸びしろを考慮し、右側部位の基本構造としてベンゼン環を選択し、
ベンゼン環上の置換基の検討を行った。その結果、ベンゼン環 3,4 二置換が SCD-1 阻害活
性を保持し、中でも、ヒドロキシエトキシ基を導入した 15、18a は、リード化合物 7a と
同等の強力な in vitro 阻害活性を示した。 
15、18a を C57BL/6J マウスに経口投与した結果、血漿中に曝露され、リード化合物 7a
から PK プロファイルが大きく改善されていることが判明した。15、18a は、7a に比べク
リアランスが小さくなっており、当初の合成展開の目的である代謝安定性の改善が PK プ
ロファイルの向上に繋がったと考えられる。リード化合物 7a の構造変換により、強力な
SCD-1 阻害活性を保持し PK プロファイルが改善した化合物を獲得した。経口薬としては
bioavailability が高い化合物が望まれるため、15 に比べ PK プロファイルが良好な 18a につ
いて、更なる PK プロファイルの向上を目指して構造の最適化を行うこととした。 
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第 2 章 チアゾール誘導体の最適化 
 
第 1 節 誘導体展開の方針 
第 1 章の検討において、18a の右側部位ベンゼン環 3 位のヒドロキシエトキシ基が強力
な SCD-1 阻害活性と良好な血漿中濃度に重要であることを見出した。 
18a の最適化に向けた誘導体展開の方針として、各部分構造別に検討していくこととし
た。すなわち、左側部位のベンゼン環上置換基（Figure 4: R1）、中央のファーマコフォア
であるチアゾールの変換（Figure 4: X、Y）、右側ベンゼン環上の 3,4 位置換基（Figure 4: R2、
R3）について SAR を検討することとした。 
 
18a  
Figure 4. Plans for SAR studies of 18a. 
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第 2 節 新規チアゾール誘導体の合成 
Scheme 3 に示すリード化合物 18a の左側部位を変換した 18b-18n は、最終目的化合物の
左側部位に対応する市販のフェニルハロゲン体 10 を出発物質とし、18a の左側部位中間
体 9a の合成法と同様にしてチアゾール中間体 9 を合成した（第 1 章第 2 節 Scheme 1）。続
いて、得られた左側部位中間体を 18a の合成法と同様に右側部位 17（第 1 章第 2 節 Scheme 
2）と縮合することで目的化合物 18b-18n を得た。 
中央チアゾール環を変換した化合物 28、31、34 の合成について Scheme 3 に示す。5-ア
ミノチアゾール体 28 は、市販のチオアセタミド 24 とエステル 2533を縮合することでチア
ゾール環を構築し、チアゾール中間体 26 を 97％の高収率で得た。続いて、26 を加水分解
してカルボン酸とし、Crutius 転位によりアミノ基を導入して 3 工程 38％の収率で左側部
位中間体 27 を得た。27 と右側部位中間体 17 を縮合して 28 を得たが、アミド化反応が非
常に遅く収率は 6％であった。チオフェン誘導体 31 は、チオフェンをリチオ化した後に
3-trifluoromethylbenzaldehyde と求核付加反応を行い、さらに過剰の TMSCl と NaI 存在下で
アルコールを還元 34することにより中間体 29 を 2 工程 84％の高収率で得た。29 を無水酢
酸中 Cu(NO3)2 と反応させることで位置選択的にニトロ化し、目的の 2-ニトロチオフェン
中間体 30 を 83％で得た。30 を還元してアミンとして 17 と縮合後、THP の脱保護を経て
31 を導いた。チアジアゾール体 34 は、カルボン酸 32 を出発物質として thiosemicarbazide
と BOP reagent により縮合し、酸性下で加熱することでチアジアゾール環を構築して左側
部位中間体 33 を 2 工程 48％で得た。28 と同様に、33 と 17 を縮合することで目的の 34
を合成した。
17 


















    83%
3,5-Di-Cl
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Reagents and Conditions:(a) toluene, reflux; (b) 1N NaOH, 1,4-dioxane, 60 °C; (c) DPPA, Et3N, 
t-BuOH, rt to reflux; (d) TFA, CH2Cl2, rt; (e) HATU, 17, Et3N, DMA, rt to 70~80 °C; (f) 1N HCl, 
MeOH, rt; (g) n-BuLi/THF, then 3-trifluoromethylbenzaldehyde; (h) TMSCl, NaI, CH3CN;  
(i) Cu(NO3)2, Ac2O, 83%; (j) Zn Powder, 1N HCl/2-PrOH; (k) thiosemicarbazide, BOP reagent, 
Et3N, THF, (l) CH3SO3H, toluene, reflux. 
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右側ベンゼン環 3 位を変換した 36、38、41、42 は、右側部位として市販のエステル 16
を出発物質とした（Scheme 4）。プロパノール誘導体 36 は、16 を THP 保護した市販の
bromopropanol でアルキル化し、中間体 35 を導いた。ジオール 38 は、 16 を
3-bromo1,2-propanediol にてアルキル化し、アセトニド化にてジオールを保護し中間体 37
を得た。2 級アルコール 41 及び 3 級アルコール 42 は、16 をブロモアセトンにてアルキル
化し、アセタール保護することで中間体 39 を合成した。 
これら右側部位中間体 35、37、39 と左側部位中間体 9a を HATU を用いて縮合し、脱保
護を経て目的化合物 36、38 と中間体 40 を得た。40 は還元して 41 を、Grignard 反応によ
り増炭して 42 を合成した。 
 







   18%
(2 steps)
   45%
(2 steps)
   69%
(2 steps)
 40
k (for  41)
l (for  42)
 41: R1 = H, R2 = -CH3; 68%





   11%
(3 steps)
h , i, g
 39
   66%
(3 steps)




Reagents and conditions: (a) 2-(3-bromopropoxy)tetrahydro-2H-pyran, K2CO3, DMA, 80 °C;  
(b) 1N NaOH, THF, 50 °C; (c) 9a, HATU, Et3N, DMA, rt to 70 °C, (d) 1N HCl, MeOH; (e) 3- 
bromo-1,2-propanediol, K2CO3, CH3CN; (f) 2,2-dimethoxypropane, PPTS, DMF; (g) 1N NaOH, 
dioxane; (h) bromoacetone, K2CO3, CH3CN, reflux; (i) ethylene glycol, TsOH, trimethyl 
orthoformate, THF, reflux; (j) 1N HCl, CH3CN; (k) NaBH4, MeOH; (l) MeMgBr, 1,4-dioxane. 
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右側ベンゼン環 4 位置換体 49、50 の合成法を Scheme 5 に示す。 
右側ベンゼン環 4 位を変換した 49a-49c は、カルボン酸 43 を出発物質とし、カルボン
酸をエステル化した後に THP 保護ブロモアルコールを用いて 3 位ヒドロキシ基をアルキ
ル化した。続いて、対応するアルコールを用いて 4 位にアルコキシ基を導入し、脱エステ
ル化することで中間体 44a-44c を得た。49d は、エステル 45 を出発物質とし、3,4 位ヒド
ロキシ基をジアルキル化した後に、エステルを脱保護して中間体 44d を得た。 
右側ベンゼン環 4 位にアミノ基を導入した 50a-50f は、市販のエステル 46 を出発物質と
して、THP 保護ブロモアルコールで 3 位ヒドロキシ基をアルキル化した後にニトロ基を接
触還元し、中間体 47 を得た。47 に対し、各種アルデヒドを用いた還元的アミノ化により
アミノ基をアルキル化し、中間体 48a-48c を生成した。また、47 のアミノ基を
bis(2-bromoethyl) ether によりアルキル化して 48d、アセチル化して 48e、メシル化して 48f
を得た。 
右側部位中間体 44a-44d、及び 48a-48f と左側部位中間体 9a を HATU を用いて縮合し、
THP を脱保護して最終化合物 49a-49d、50a-50f を導いた。 
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No.       R 1                  yield (2 steps)
 49a       Et                        4% 
 49b     -(CH2)2OCH3        47%
 49c     -(CH2)2N(CH3)     23%
 49d     -(CH2)2OH           39%
 48
j, k No.     R
2       R 3           yield (2 steps)
 50a     Me      Me             20%       
 50b     Et       Et               47%
 50c     H        Et               31%
 50d    -(CH2)2O(CH2)2-    14%
 50e     Ac      H                 23%            
 50f      Ms     H                 64%
 48a ~ 48f







No.      R 1                      yield (4 steps)
 44a       Et                        42% 
 44b     -(CH2)2-OCH3       33%






No.     R 2       R 3    yield (2 steps)
 48a     Me      Me       86% 
 48b     Et       Et         23%





h, d (for  48e)
i, d (for  48f)
 48d
No.     R 2       R 3   yield (2 steps)
 48e     Ac      H         48% 
 48f      Ms     H         67%
Reagents and Conditions:(a) H2SO4, ROH (R = Et for 44a, R= Me for 44b and 44c), reflux;  
(b) 2-(2-bromoethoxy)tetrahydro-2H-pyran, K2CO3, CH3CN, reflux; (c) NaOEt, EtOH, reflux (for 
44a); or R 1OH, t-BuOK, 100 °C (for 44b and 44c); (d)1~2 N NaOH; (e) H2, Pd/C, EtOAc, rt;  
(f) HCHO (for 48a) or CH3CHO (for 48b and 48c), NaBH3CN, AcOH, THF;  
(g) bis(2-bromoethyl) ether, K2CO3, NaI, DMF; (h) acetic anhydride, Et3N, THF; (i) MsCl, 
pyridine; (j) 9a, HATU, Et3N, DMA, rt to 70 °C; (k) 1N HCl, MeOH, rt to 50 °C. 
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第 3 節 チアゾール誘導体の構造活性相関 
18a の左側末端ベンゼン環上の置換基（R1）の SAR を Table 3 に示す。 
無細胞系の SCD-1 阻害活性において、アルキル基を導入した 18d、18n は、18a に比べ
10 倍以上の阻害活性の減弱を認めた。一方、OCF3体 18e は良好な阻害活性を示し、さら
に、ハロゲン又は CF3基を導入した 3,4-、3,5-二置換体 18g-18m は非常に強力な阻害活性
を示した。しかし、2,5-二置換体 18f ではヒト無細胞系阻害活性が減弱したことから、3
位への置換基の導入が SCD-1 阻害活性維持に重要であることが判明した。 
ヒト SCD-1 を発現した細胞を用いた評価系では、3-F 体 18b、18h、18l、18n は無細胞
系の阻害活性に比し阻害活性が減弱する傾向を示したが、3-CF3体 18j 及び 3-Cl 体 18c、
18g、18k、18m は 18a と同等以上の強力な阻害活性を認めた。したがって、細胞評価系の
阻害活性向上には、3-CF3置換または 3-Cl 置換が好ましいと考えられる。 
 
Table 3. SAR of the left-side phenyl ring of 18. 
a Values are the arithmetic means of at least two experiments.  b NT = not tested.
NTb NTb
 18a
















3-CF3, 4-F 0.2 0.6






































た（Table 4）。2-ベンジルチアゾール体 28 とチオフェン体 31 において 10 倍以上 SCD-1 阻
害活性が低下したため、チアゾール環の 3 位窒素原子は強力な阻害活性に必須であること
が明らかとなった。また、チアジアゾール体 34 は、リード化合物 18a と同等の SCD-1 阻
害活性を示した。しかし、34 は bioavailability（F = 2%）と血中暴露量（AUC0-8h = 0.4 g h/mL、
20 mg/kg po）が低く、PK プロファイルの面で 18a に及ばなかった。 
以上より、SCD-1 阻害活性及び良好な PK プロファイルには、リード化合物 18a の 2-ア
ミノチアゾール骨格が重要であることが示唆された。 
 
Table 4. Evaluation of heteroaryl cores. 
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mouse 9































右側ベンゼン環上 3 位置換基（R2）については、第 1 章での検討結果によりヒドロキシ
アルキル基が好ましいことが示唆されたため、ヒドロキシエトキシ基を中心に詳細な変換
を行った（Table 5）。ヒドロキシエトキシ基を伸長したヒドロキシプロポキシ体 36 及び
2,3-ジヒドロキシプロポキシ体 38 は SCD-1 阻害活性が消失した。さらに、末端ヒドロキ
シ基の α 位にメチル基を導入した 41 は著しく阻害活性が減弱し、α 位にジメチル基を導
入した 42 は阻害活性が消失した。したがって、3 位置換基として長い側鎖や枝分かれし
た側鎖は許容されず、ヒドロキシエトキシ基が最適な置換基であることが明らかとなった。 
 
Table 5. Modification of 3-hydroxyethoxy group R2. 
a Values are the arithmetic means of at least two experiments.
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mouse 9




































ジメチルアミノ体 50a、及びモルフォリン体 50d は in vitro 阻害活性が若干低下したもの
の、ジエチルアミノ体 50b はリード化合物とほぼ同等の阻害活性を示し、エチルアミノ体
50c はリード化合物 18a を凌ぐ強力な阻害活性を示した。特に、50c のヒト無細胞系阻害
活性（IC50 = 0.04 nM）はこれまでに合成したチアゾール誘導体の中で最も強力な阻害活性
を示した。一方、アセチルアミノ体 50e は、阻害活性が 18a に比べ約 4 倍以上低下し、メ
チルスルフォニルアミド体 50f は阻害活性が消失した。 
右側ベンゼン環上 4 位置換基（R3）の検討の結果、アルキルアミノ基への置換が in vitro
阻害活性向上に寄与することが判明した。 
25 
Table 6. Evaluation of R3. 
a Values are the arithmetic means of at least two experiments.
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OMe 2 3 15
>9999
18a
IC 50 a (nM)
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第 4 節 新規チアゾール誘導体の in vivo 評価 
In vitro にて強力な SCD-1 阻害活性を認めた 18a、18c、18e、18j、18k、50b、50c につ
いて in vivo における SCD-1 阻害活性を評価した。 
右側ベンゼン環 4 位にメトキシ基を導入した 18a、18c、18e、18j、18k については、肥
満 2 型糖尿病モデルの db/db マウス 35にて、肝臓における[C14]オレイン酸（C18:1 N9）と
[C14]ステアリン酸（C18:0）の比率（C18:1 / C18:0）を脂肪酸不飽和度とし、SCD-1 阻害の
薬効の指標とした。vehicle 群の脂肪酸不飽和度に対し、ステアリン酸からオレイン酸への
変換を 50％阻害する用量を ID50 として算出した。ID50 値が小さい程、SCD-1 阻害活性が
強いことを示す。 
右側ベンゼン環 4 位にアミノ基を導入した 50b と 50c については、連続投与試験の薬効
評価モデルに合わせ、無脂肪食負荷の C57BL/6J マウス 36を用いて評価した。無脂肪食負
荷条件下では、食物からの脂肪摂取が無くなり体内での脂肪酸合成が亢進するため、
SCD-1 活性が向上していると考えられる。肝臓における[C14]オレイン酸（C18:1 N9）と[C14]
ステアリン酸（C18:0）の比率（C18:1 / C18:0）を脂肪酸不飽和度とし、vehicle 群の脂肪
酸不飽和度に対し、ステアリン酸からオレイン酸への変換を 50％阻害する用量を ID50 と
して算出した。 
4-MeO 誘導体 18a、18c、18e、18j、18k の ID50と PK プロファイルを Table 7 に示す。
いずれの化合物も強力な in vivo 阻害活性を示した。相対的に in vivo 阻害活性が弱い 18e、
18j は、18a に比べ血中濃度が低く、また血漿中の半減期が短いことが in vivo 阻害活性の
減弱に繋がったと考えられる。 
一方、3-Cl 体 18c、18k は、18a と同等以上の in vivo 阻害活性を示した。18k は顕著に
bioavailability が改善し、18c は血漿中の半減期が長く、両者の良好な PK プロファイルが
強力な in vivo 阻害活性に繋がったと考えられる。 
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Table 7. PK profiles a of 18a, 18c, 18e, 18j, and 18k, and SCD-1 inhibition in mice. 
db/db mice
a A dose of each compound was either intravenously (5 mg/kg, DMA/Tween80/saline=10/10/80)
injected into the tail vein of C57BL/6J mice (n = 2) or orally (20 mg/kg, 0.5% MC, n = 3) 
administered using an intubation tube. Plasma samples (20 L) were collected up to 8 h after 
intravenous or oral administration. The plasma concentrations of compounds were determined 
by LC/MS/MS.
b Values are the arithmetic means of at least two experiments.
No.


















3-Cl, 4-F 1 3.6 18k 14 21.02.1
3.5 1.7
1.2 4.9 1.5 1.3 8
1.8 10 5.4 2.0 1



















アミノ誘導体 50b、50c の PK プロファイルは、18a に比べ顕著な bioavailability の改善
を認めた（Table 8）。一方、AUC は 18a より低下しており、50b、50c 共にクリアランスが
増大したことが一因と考えられる。AUC は低下したものの、50b 及び 50c の in vivo 阻害
活性は非常に強かった（Table 9）。50c は in vitro 阻害活性が非常に強いことが in vivo 阻害
活性に繋がったと考えられる（IC50 (mouse) = 0.4 nM）。50b は 50c に比べ in vitro 阻害活性
で 10 倍弱く（IC50 (mouse) = 4 nM）、血中暴露量も低い（AUC0-8h = 2.0 g h/mL）が、50c
と同等の in vivo 阻害活性を示した。この要因として、肝臓中の薬物濃度は測定していな
いが、50b の肝臓中濃度が 50c より高まっている可能性があり、それが in vivo 阻害活性に
影響していることが推測される。また、50b、50c の in vivo 阻害活性は投与後 7 時間まで
持続していることが明らかとなり、1 日 1 回又は 2 回投与が可能な持続性を有しているこ
とが示唆された。 
 
Table 8. PK profiles a of 50b and 50c. 
a A dose of each compound was either intravenously (5 mg/kg, DMA/Tween80/saline=10/10/80) 
injected into the tail vein of C57BL/6J mice (n = 2) or orally (20 mg/kg, 0.5% MC, n = 3) 
administered using an intubation tube. 
Plasma samples (20 mL) were collected up to 8 h after intravenous or oral administration. 
The plasma concentrations of compounds were determined by LC/MS/MS.
 b Values are the arithmetic means of at least two experiments.
1.00.7 83










AUC 0 to 8 hr 
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Table 9. In vitro and in vivo SCD-1 inhibition of 50b and 50c. 














さらに、50c は、無脂肪食負荷 C57BL/6J マウスにて 7 日間連投試験を行い、連続投与
時の in vivo における SCD-1 阻害効果を評価した。バイオマーカーとして[C14]オレイン酸
（C18:1 N9）と[C14]ステアリン酸（C18:0）の比率（C18:1 / C18:0）を示す脂肪酸不飽和度
を用いた。50c を 1 日 1 回 7 日間経口投与した結果、用量依存的に血漿中脂肪酸不飽和度
が低下し、最大投与量の 3 mg/kg 群にて 65％の低下を認めた（Figure 5）。また、SCD-1 欠











Figure 5. Plasma desaturation index lowering effect of the treatment with SCD-1 inhibitor 50c for 
7days (q.d.) in C57BL/6J mice fed with a non-fat diet. 
50c 
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第 4 節 まとめ 
著者は、第 1 章のリード化合物 7a の変換により見出されたチアゾール誘導体 18a の最
適化を目的に、18a の各部分構造毎に SAR を検討した。その結果、左側末端ベンゼン環
上置換基について、3 位への置換基導入が SCD-1 阻害活性維持に重要であることが明らか
になった。特に、ハロゲン又は CF3基の 3,4-、3,5-二置換（18g-18m）は非常に強力な SCD-1
阻害活性を示した。右側ベンゼン環 3 位置換基については、ヒドロキシエトキシ基が強力
な SCD-1 阻害活性に必須の置換基であることを見出した。右側ベンゼン環 4 位置換基は、
立体的にある程度の大きさが許容され、脂溶性置換基が適していることが示唆された。特
に、ジエチルアミノ体 50b、エチルアミノ体 50c は 18a と同等以上の強力な SCD-1 阻害活
性を示し、50c のヒト無細胞系阻害活性（IC50 = 0.04 nM）及び細胞評価系の阻害活性（IC50 
= 2 nM）はこれまでに合成したチアゾール誘導体の中で最も強力な in vitro 阻害活性を有
することが明らかとなった。 
In vitro にて強力な阻害活性を認めた 18a、18c、18e、18j、18k、50b、50c について in vivo
阻害活性を評価した。いずれの化合物も強力な in vivo 阻害活性を示し、PK プロファイル
と in vitro 阻害活性が in vivo 阻害活性に良好に反映されていることが確認された。また、
50b、50c の in vivo 阻害活性は投与後 7 時間まで持続しており、1 日 1 回又は 2 回投与が
可能な持続性を有していることが示唆された。 
50c の連続投与時における SCD-1 阻害効果を評価した結果、バイオマーカーである血漿
中脂肪酸不飽和度が用量依存的に低下し、最大投与量の 3 mg/kg 群にて 65％の低下を認め
た。また、プレリミナリーな結果では最大用量の 3 mg/kg 群まで皮膚及び眼の異常所見は
認められなかった。18a の構造最適化により、強力な薬効を有する経口投与可能な有望化
合物 50c を見出した。 
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第 3 章 ベンゾイルピペリジン骨格を有する SCD-1 阻害化合物の創出 
 
第 1 節 ベンゾイルピペリジン誘導体のデザイン 
化合物の薬理プロファイル、PK プロファイル及び毒性プロファイルは、化合物の基本
構造に由来する場合がある。そのため、創薬を行う上で異なる骨格の化合物を創出するこ
とは、先行する化合物のバックアップにもなり有用である。著者らは、第 1 章、第 2 章の
チアゾール誘導体とは別系統の化合物の創出を目指して網羅的な探索を行い、Xenon 社の
特許化合物 19に注目した。Xenon 社の特許は 2005 年に公開され、SCD-1 阻害剤としては
初めての低分子化合物の報告であった。その基本構造は、51a に示すようなピリダジルピ
ペラジン骨格である（Figure 6）。 
51a は強力な SCD-1 阻害活性（IC50 (mouse) = 6 nM、IC50 (human) = 9 nM）を有したが、
C57BL/6J マウスに経口投与しても血漿中に全く検出されなかった。血漿中に曝露されな
い要因は、51a の右側部位の脂溶性の高さとベンジル位の代謝安定性の低さである推測し、




ペラジン環をピペリジン環に変換 37 することとした（Figure 6）。右側部位は、51a より
5-10 倍 SCD-1 阻害活性が劣るが、脂溶性の軽減を狙って、ヒドロキシ基が導入された 51b
及び 51c の（2-ヒドロキシ-2-フェニルエチル）アミドタイプに固定することとした（51b: 
IC50 (mouse) = 25 nM、IC50 (human) = 25 nM、51c: IC50 (mouse) = 66 nM、IC50 (human) = 81 nM）。





51a: R = H
51b: R = OH ( R ) 
51c: R = OH ( S )  
Figure 6. Design of benzoylpiperidine-based analogs. 
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第 2 節 ベンゾイルピペリジン誘導体の合成 
ベンゾイルピペリジン誘導体 62a-62n の合成法を Scheme 6 に示す。 
左側部位の合成として、市販のピペリジン誘導体 52 を出発物質とし、PCC 酸化により
末端のアルコールをアルデヒドに変換した。続いて、Grignard 試薬により 62a-62f の左側
末端に対応する種々のアリール基を導入し 2 級アルコール 53 を得た。CF3 置換体につい
ては、Grignard 試薬がマグネシウム残渣により爆発する可能性 38があるため、Grignard 試
薬の代わりにリチオ化アリールを用いた。53 のアルコール部位を Dess-Martin 酸化により
ケトンとし、Boc を脱保護して左側部位中間体 54 へ導いた。 
右側部位は、62a、62g-62n に対応する市販のアリールアルデヒド 55 又はケトン 57 を出
発物質とした。55 を TMSCN でシアノ化し、ボランを用いて還元してアミノ中間体 56 を
得た。57 は、NCS により位をクロロ化し、NaBH4にてカルボニル基を還元した後にアン
モニア水を用いてアミンを導入し、中間体 58 を得た。また、ピリダジン環の導入として、
市販のピリダジン誘導体 59 を SOCl2を用いてクロロ化し、酸塩化物 60 を得た。この反応
は、反応温度が高いとピリダジン 4 位や 5 位もクロロ化されるため、反応温度上昇に留意
し、過剰なクロロ化を回避した。酸塩化物 60 とアミン 56 又は 58 を縮合して右側部位中
間体 61 を得た。最後に 61 と左側部位 54 をカップリングし、目的化合物 62a-62n を合成
した。 
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Reagents and conditions: (a) PCC, CH2Cl2; (b) Ar1MgBr or Ar1Li, THF; (c) Dess-Martin 
Periodinane; (d) 4N HCl in 1,4-dioxane; (e) TMSCN, Et3N, CH2Cl2; (f) BH3･THF; (g) NCS, 4N 
HCl, EtOAc; (h) NaBH4, MeOH, H2O; (i) NH3aq, MeOH; (j) conc. HCl; (k) SOCl2, DMF, CHCl3,  
50~60 °C; (l) 56 or 58, Et3N,CH2Cl2/DMF, 0 °C to rt; (m) Et3N, n-BuOH, 100 °C~reflux. 
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第 3 節 ベンゾイルピペリジン誘導体の構造活性相関と物性及び in vivo 評価 
左側末端ベンゼン環上置換基の SAR を Table 10 に示す。 
2-CF3体 62a、2-Me 体 62b、及び 2-OCF3体 62d は、マウス無細胞系阻害活性にてリード
化合物 51b より 3 倍以上強い阻害活性を示した。2-OCF3体 62d は強力な無細胞系阻害活
性に比し細胞評価系の阻害活性は減弱したが、2-CF3体 62a は細胞評価系の阻害活性にお
いてもリード化合物 51b より強力な阻害活性を認めた。一方、2-OMe 体 62c と無置換体
62e はヒト無細胞系阻害活性が 10 倍以上低下し、4-F 体 62f も、マウス及びヒト無細胞系
阻害活性が 3 倍以上減弱した。また、ベンゼン環をピリジン環に変換した化合物
（4-(3-methyl-pyridine-2-carbonyl)piperidine 誘導体）は、ベンゼン環誘導体 62b より 100 倍
以上阻害活性が低下した（IC50 (human) = 2000 nM）。 
以上より、ベンゾイルピペリジン構造は in vitro において SCD-1 阻害活性を維持し、リ
ード化合物 51a の左側部位ピペラジン構造はピペリジンへ置換可能であることが明らか
となった。また、左側末端のアリールは、2 位に CF3基又は Me 基が導入されたベンゼン
環が in vitro 阻害活性向上に繋がることが示唆された。 
これらの化合物について、SCD-1 選択性の確認として6 不飽和化酵素に対する阻害活
性を評価した（Table 10）。いずれの化合物も6 不飽和化酵素に対し 10 M で 50%に満た
ない極めて弱い阻害率を示し、これらの化合物は6 不飽和化酵素に対して SCD-1 の選択
性があることが示唆された。 
さらに、良好な in vitro 阻害活性を示した 62a、62b、62d の溶解性と代謝安定性を評価
した結果、2-Me 体 62b が 62a、62d に比べ、脂溶性が低く（clog P = 2.6）、中性条件下に
おける溶解性及び代謝安定性が良好であることが判明した（Table 11）。 
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Table 10. Evaluation of benzoylpiperidines. 
6251b: ( R ) 
51c: ( S )  
No. Ar1 IC50 
a (nM) 
mouse 9 
IC50 a (nM) 
human 9 
IC50 a (nM) 
human cell 
Inhibition% 
at 10 M 
human 6 
51b - 25 25   71 NTb 
51c - 66 81   90 NTb 
62a 2-CF3-Ph  2 7   14  9 
62b 2-Me-Ph  7 15   51 <5 
62c 2-OMe-Ph 52 311 1048 <5 
62d 2-OCF3-Ph  5 10  103 <5 
62e Ph 153 292  108 <5 
62f 4-F-Ph  74 118   80  12 
  a Values are the arithmetic means of at least two experiments. 
  b NT = not tested. 
 
 




Murine liver S9 
JP-1 (M) 
(pH = 1.2) 
JP-2 (M) 
(pH = 6.8) 
Stability % d
at 30 min
62a 84 <0.5 3.1 47 
62b 88 3 2.6 58 
62d 83 <0.5 3.4 22 
a Values are the arithmetic means of at least two experiments. 
b Aqueous acidic (JP-1) and neutral solution (JP-2) were purchased from Kanto Chemical Co., Inc.  
The sample solution was assayed using HPLC methodologies.250 M of the compound solution in 
aqueous CH3CN solution (1:1 (v/v)) was prepared to make a calibration curve. The solubility was 
determined by comparing the UV peak area of the standard solution.  
c The cLogP values were calculated by CLOGP software (Version 4.8.2, Daylight Chemical 
Information Systems, Inc.) 
d Stability is described as % remaining after 30 min incubation with murine liver S9. 
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続いて、左側部位を in vitro 阻害活性及び物性が良好であった 62b の 2-methylphenyl 構
造に固定し、右側部位について検討した（Table 12）。 
電子求引性基である F 基を導入した結果、2 位置換体 62g は 62b と同等の in vitro 阻害
活性であったが、3 位、4 位置換体 62h、62i はヒト無細胞系阻害活性及び細胞評価系の阻
害活性が 62b より約 3 倍以上向上した。脂溶性軽減を狙い 62b のベンゼン環をピリジン環
に変換した結果、2-Py 体 62j、4-Py 体 62l はヒトの無細胞系阻害活性が 62b に比べ 10 倍
以上減弱した。しかし、3-Py 体 62k は 62b より無細胞系阻害活性が若干低下したものの、
細胞評価系の阻害活性は維持することが判明した。また、ベンゼン環のバイオアイソスタ
ーであるチオフェン環への変換は、3-チオフェン体 62m は無細胞系阻害活性、細胞評価系





In vitro 阻害活性が減弱した 62j、62l を除く化合物について in vivo 阻害活性を評価した
（Table 12）。肥満 2 型糖尿病モデルの db/db マウスにて、肝臓における脂肪酸不飽和度の
ID50を SCD-1 阻害効果の指標とした。F 置換体 62g、62h、62i 及びチオフェン誘導体 62m、
62n は、in vitro 阻害活性と同様に 62b と同等の良好な in vivo 阻害活性を示した。それに
対し、3-Py 体 62k は、in vitro 阻害活性は 62b と同等以下であったにも関わらず、in vivo
阻害活性は 62b より 3 倍強く、Table 12 に示すベンゾイルピペリジン誘導体で最も強力な
in vivo 阻害活性（ID50 = 3 mg/kg）を示した。よって、右側末端のアリール基は、窒素原子
の導入とその配置が in vitro 及び in vivo 阻害活性に大きく影響することが判明した。 
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Table 12. Evaluation of the right-hand aryls . 
62
 
No. Ar2 IC50 
a (nM) 
mouse 9 
IC50 a (nM) 
human 9 
IC50 a (nM) 
human cell 
db/db mice 
ID50 a (mg/kg) 
62b Ph  7   15  51 12 
62g 2-F-Ph  9   22  60 17 
62h 3-F-Ph  5   6  11 14 
62i 4-F-Ph  7   5  22 14 
62j 2-Py 95 180 390 NTb 
62k 3-Py 37  28 43  3 
62l 4-Py 34 187 144 NTb 
62m 
 




 7  44  25 14 
a Values are the arithmetic means of at least two experiments. 
b NT = not tested. 
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第 4 節 ベンゾイルピペリジン誘導体 62b、62k の PK プロファイルと in vivo 評価 
ベンゾイルピペリジン誘導体の代表化合物として 62b と強力な in vivo 阻害活性を示し
た 62k の ADME と PK プロファイルを確認した（Table 13、Table 14）。62k は、ピリジン
環の導入効果により予想通り 62b よりも脂溶性が低減した（cLog P: 62b = 2.6、62k = 1.1）。
また、62k は、中性条件下における溶解性と代謝安定性が改善しており、脂溶性低減の寄
与が示唆された。その結果、bioavailability 及びクリアランスが改善し、62k は 62b に比べ
て Cmax及び AUC が著しく向上した。この良好な PK プロファイルが 62k の強力な in vivo
阻害活性（ID50 = 3 mg/kg、Table 12）に繋がったと推測される。 
続いて、62k を肥満 2 型糖尿病モデルの Zucker fatty ラット 20に 7 日間投与し、連続投
与時の in vivo における SCD-1 阻害効果を評価した。62k を 1 日 1 回 7 日間経口投与した
結果、用量依存的に血漿中のトリグリセリドが低下し、最大投与量の 30 mg/kg 群にてコ
ントロール群に比べ 56％の有意な低下を認めた（P = 0.0012）（Figure 7）。さらに、体重に
ついても有意差はなかったが 30 mg/kg 群にて体重増加が 15％抑制された（vs control）。ま







Table 13. ADME profiles of 62b and 62k. 
62b: X = CH
62k: X = N  
No. 
Solubility a 
cLog P b 
Murine liver S9 
JP-1 (M) 
(pH = 1.2) 
JP-2 (M) 
(pH = 6.8) 
Stability % c
at 30 min 
62b 88 3 2.6 58 
62k >100 29 1.1 78 
a Aqueous acidic (JP-1) and neutral solution (JP-2) were purchased from Kanto Chemical Co., Inc. The 
sample solution was assayed using HPLC methodologies. 250 M of the compound solution in aqueous 
CH3CN solution (1:1 (v/v)) was prepared to make a calibration curve.  The solubility was determined by 
comparing the UV peak area of the standard solution.  
b The cLogP values were calculated by CLOGP software (Version 4.8.2, Daylight Chemical Information 
Systems, Inc.) 




Table 14. PK profiles a of 62b and 62k. 
No. 











AUC0 to 8 h 
(g h/mL) 
(%)
62b 0.6 42 0.9 0.3 0.8 0.5 6 
62k 1.3 29 2.4 6.3 0.9 7.8 68 
a Values are the arithmetic means of at least two experiments. 
b A dose of each compound was either intravenously (5 mg/kg, DMA/Tween80/saline=10/10/80) injected 
into the tail vein of C57BL/6J mice (n = 2) or orally (20 mg/kg, 0.5% MC, n = 3) administered using an 












3 mg/kg 10 mg/kg 30 mg/kg








Figure 7. Plasma triglyceride reduction in Zucker Fatty rats (n = 4) after administration of 62k for 
7 days (q.d.). 
  62k   62k   62k 
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第 5 節 まとめ 
第 1 章、第 2 章のチアゾール誘導体とは別系統の化合物として Xenon 社の特許化合物に
注目した。リード化合物 51a は強力な SCD-1 阻害活性を有したが、血漿中に曝露されな
かったため 51a の PK プロファイルの改善を目的として構造変換に着手した。 
51a の左側部位であるベンゾイルピペラジン骨格に着目し、ピペラジン環をピペリジン
環に変換した結果、ベンゾイルピペリジン構造は in vitro において SCD-1 阻害活性を維持
することが判明した。さらに、左側末端ベンゼン環 2 位の置換基の検討により、メチル基
を導入した 62b がリード化合物 51b、51c を上回る強力な in vitro 阻害活性を示し、他の置
換基に比べて脂溶性・溶解性・代謝安定性面で良好な物性を有することが明らかとなった。 
著者は、ベンゾイルピペリジン誘導体の右側部位の SAR を検討した。その結果、末端
ベンゼン環への F 基の導入、及びチオフェン環への変換が、in vitro 及び in vivo 阻害活性
共に 62b と同等以上を示し、許容されることを見出した。興味深いことに、2-Py 体及び
4-Py 体は、in vitro 阻害活性が大きく減弱したのに対し、3-Py 体 62k は、in vitro 阻害活性
は向上しかったものの、ベンゾイルピペリジン誘導体で最も強力な in vivo 阻害活性（ID50 
= 3 mg/kg）を示した。したがって、右側末端のアリールは、窒素原子の導入とその配置が
in vitro 及び in vivo 阻害活性に大きく影響することが示唆された。 
強力な in vivo 阻害活性を有する 62k の ADME と PK プロファイルを確認した結果、62k
は 62b より脂溶性が低減（cLog P = 1.1）しており、溶解性と代謝安定性が向上していた。
さらに、bioavailability 及びクリアランスが著しく改善し、血漿中に十分曝露されているこ
とが判明した。よって、62k の優れた PK プロファイルが強力な in vivo 阻害活性に繋がっ
たと考えられる。62k の 7 日間連続投与試験では、用量依存的に血漿中トリグリセリドの
低下が確認され、最大用量の 30 mg/kg 群にて 56%の有意な低下を認めた。また、プレリ
ミナリーな結果では 30 mg/kg 群にて皮膚及び眼の異常所見は認められなかった。今後、
長期試験において 62k の薬効及び安全性を精査していく必要がある。 
リード化合物 51a の脂溶性の低減と代謝安定性の向上を目的とした構造変換により、強
42 
力な in vivo阻害活性を有し物性と PKプロファイルが大きく改善した 62kを見出すことに
成功した。 
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第 4 章 スピロピペリジン骨格を有する SCD-1 阻害化合物の創出 
 
第 1 節 スピロピペリジン誘導体のデザイン 
第 3 章にて見出されたベンゾイルピペリジン誘導体 62b、62k のバックアップ化合物の
探索を目的に、ベンゾイルピペリジン誘導体の構造展開を進めることとした。構造展開の
アイデアとして、左側部位のベンゾイルピペリジン構造をスピロ環構造へ変換することを
試みた（Figure 8）。この変換により、分子内の自由回転軸を減らして rigid な分子とする
ことで置換基を最適な配置に固定し、酵素との相互作用の増強に繋がる可能性がある。相
互作用増強によって活性・選択性の向上、及び PK プロファイルの向上が期待される。 
 
 62b: X = CH
 62k: X = N
 
Figure 8. Transition from benzoylpiperidine to spiropiperidine analogs. 
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第 2 節 スピロピペリジン誘導体の合成 
スピロピペリジン誘導体の合成法を Scheme 7-9 に示す。 
まず、カルボニル 5 員環スピロ体 74 とカルボニル 6 員環スピロ体 75 の左側部位の合成
39について述べる（Scheme 7）。ピペリジン環構築用の中間体として 64 を合成した。市販
の diethanolamine（63）を出発物質としてアミノ基を Boc 保護し、ヒドロキシ基のメシル
化を経て LiBr により Br を導入して中間体 64 を得た。続いて、市販のケトン 65a、65b の
カルボニル位を NaH と 64 を用いてアルキル化し、ピペリジン環を構築した。Boc を脱
保護し、左側部位中間体 66a、66b を得た。 
次に、6 員環スピロ体 76-80 の左側部位 71a-71e、71j、72e-72j、73 の合成について述べ
る（Scheme 8）。これらの中間体は、目的の置換基が導入された種々の o-ヒドロキシアセ
トフェノン誘導体 67a-67j から導いた 40。67a、67c-67j を pyrrolidine 共存下で Boc 保護の
4-piperidone と反応させることで、スピロ環誘導体 68a、68c-68j を得た。2-Cl 体 68b は、
カルバメート保護の 4-piperidone を用いてスピロ環誘導体 68b を得た。o-ヒドロキシアセ
トフェノン誘導体のうち市販されていない、2-CF3体 67a、2-Cl 体 67b、2,5-Di-F 体 67c、
2-Me 体 67d、5-F 体 67f は Scheme 9 に示す方法で調製することとした。すなわち、67a-67c
は、出発物質 81、82 のヒドロキシ基又はカルバメート基の位をリチオ化し、アセチル基
を導入して得た。81 は CF3基の嵩高さと強力な電子求引効果のため、n-BuLi、t-BuOK 及
び TMEDA を用いてヒドロキシ基を保護せずリチオ化を行った 41。2-Me 体 67d は、エス
テル 83 を Grignard 反応によりアセチル基として合成した。5-F 体 67f は、フェノール誘導
体 84 をアセチル化した後にフリース転位により導いた。 
カルボニルスピロ中間体 68a、68c-68j は、NaBH4 を用いて還元し、ヒドロキシ中間体
69a、69c-69j を得た。69a、69c-69e、69j については、ヒドロキシ基をメシル化した後に





2-Cl 体 68b については、接触還元により Cl 基が脱離する可能性があるため、接触還元
を用いない合成法とした。まず、NaBH4を用いて 68b のカルボニル基を還元し、trietyhlsilan
と BF3･Et2O によりヒドロキシ基を脱離した。続いて、カルバメートを脱保護し、79b の
左側部位 71b を得た。 
最後に、合成した左側部位中間体 66、71-73 を右側部位のピリダジン中間体 61a 又は 61k
（第 3 章第 2 節 Scheme 6）とカップリングすることにより目的物 74-79 を合成した。 
さらに、ケトン 76 を NaBH4により還元し、アルコール 80 を合成した。 
 
Scheme 7. Synthesis of intermediates of 74 and 75. 
HCl
 63  64
a-c
 65a: n = 1
 65b:  n = 2
 66a: n = 1 (28% 2 steps)






Reagents and Conditions: (a) Boc2O, CH2Cl2, rt; (b) MsCl, Et3N, CH2Cl2, -78 °C; (c) LiBr, THF, 
rt; (d) NaH, 64, DMF, 50 °C (-25 °C to rt for 65b); (e) 4N HCl in 1,4-dioxane, rt . 
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 70a, c-e, j
 69a, c-e, j
 71a, c-e, j
e
V = W = H
 a: X = CF3, Y = H
 b: X = Cl, Y = H
 c: X = Y = F
 d: X = Me, Y = H
 e: X = F, Y = H
 f: X = H, Y = F
 g: X = OMe, Y = H
 67a, c-j
X = Y = H
 h: V = F, W = H
 i: V = H, W = F
 j: V = W = X = Y = H
 69a, c-j
g h-j
 67b  68b 71b
f
 68e-j, 70j
 72e-j: L = C=O, M = CH2




Reagents and Conditions: (a) N-Boc-4-piperidone, pyrrolidine,1-PrOH or EtOH, rt~reflux;  
(b) NaBH4, MeOH; (c) MsCl, Et3N, CH2Cl2, (d) DBU, NMP, 100 °C; (e) Pd/C (10 wt%), H2, 1N 
HCl, (If necessary, acidic deprotection (4N HCl, 1,4-dioxane) was followed.); (f) 4N HCl, 
1,4-dioxane, rt; (g) pyrrolidine, 4-oxo-piperidine-1-carboxylic acid ethyl ester, EtOH, rt;  
(h) NaBH4, MeOH/THF, rt; (i) Et3SiH, BF3･Et2O, CH2Cl2, 40 °C; (j) KOH, EtOH/H2O, 100 °C; 
(k) Et3N (or iPrNEt2), n-BuOH, 100 °C; (l) NaBH4, MeOH. 
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Scheme 9. Synthesis of o-hydroxyacetophenones. 
a-c
d, e
 67b: X = Cl, Y = H (26% 2 steps)
 67c: X =  Y = F      (23% 2 steps)
 81  67a
 82
c
 83  67d








Reagents and Conditions: (a) n-BuLi, tert-BuOK, TMEDA, then dry ice, -78 to 0 °C;  
(b) trimethylsilyldiazomethane, MeOH-EtOAc-hexane, 0 °C to rt; (c) MeMgBr, Et3N, toluene, 
0 °C to rt; (d) n-BuLi, THF, then Ac2O; (e) TiCl4, CH2Cl2; (f) AcCl, pyridine, CH2Cl2; (g); AlCl3, 
1,2-dichlorobenzene. 
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7 員環スピロ誘導体 90-92 の合成を Scheme 10 に示す。左側部位中間体の合成として
Scheme 9 にて得られた 6 員環スピロ体 68j を hydroxylamine と反応させてオキシム化し、
DIBAL を用いて Beckmann 転位により還元的に環拡大して 427 員環体 85 を 2 工程 71％で
得た。85 のアゼピン環アミノ基に対し、還元的アミノ化し、ベンジル基を接触還元によ
り脱保護してメチル体 87 得た。また、85 のアルキル化と脱保護によりエチル体 88 を、
oxirane との反応及び脱保護によりヒドロキシエチル体 89 を得た。得られた左側中間体
87-89 を Scheme 8 と同様に右側中間体 61k とカップリングし、最終体 90-92 を導いた。 
 





























Reagents and Conditions: (a) NH2OH·HCl, pyridine, EtOH; (b) DIBAL, CH2Cl2; (c) HCHO (aq), 
NaBH3CN, AcOH/THF, rt. (d) Pd/C, H2, 1N HCl, MeOH; (e) ethyl iodide, K2CO3, DMF, 50 °C; 
(f) oxirane, AcOH/THF; (g) Et3N, n-BuOH, 100 °C. 
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第 3 節 スピロピペリジン誘導体の構造活性相関 
合成した種々のスピロピペリジン誘導体の in vitro 阻害活性を Table 15 に示す。無細胞
系にて、ベンゾイルピペリジン誘導体 62b のベンゾイルピペリジン部位を単純に環化した
5 員環スピロ体 74 は、62b と比べヒト阻害活性が 100 倍以上低下した。一方、環拡大した
6員環スピロ体 75は、62bと比べヒト阻害活性は劣るものの、マウス阻害活性は維持した。
また、75 のカルボニル基の位置を変え、ベンゼン環とピペリジン環の間に酸素原子を配
置した 76j は、75 と同等の阻害活性を示した。76j は 75 に比べ合成的に簡便であり、構造
変換の伸びしろがあると考え、76j を基本構造とした 6 員環スピロについて詳細に検討し
た。 
無細胞系にて、76j のケトンを還元したヒドロキシ体 80j はマウス阻害活性が 3 倍以上
向上したが、ヒドロキシ基を除去したオレフィン体 77j のマウス阻害活性は 76j と同程度
であった。興味深いことに、オレフィン体 77j を還元した 78j は、76j よりマウス阻害活
性が 20 倍以上、ヒト阻害活性が 30 倍以上と著しく向上し、リード化合物 62b を凌ぐ強力
な SCD-1 阻害活性を認めた。更に、78j は細胞評価系の阻害活性においても 62b と同等の
阻害活性を有していることが判明した。 

















IC 50 a (nM)
mouse 9
IC 50 a (nM)
human 9
 80j






IC 50 a (nM)
human Cell





また、6 員環スピロ体 76j の構造展開のプレリミナリーな検討として、6 員環を環拡大
しアミドを還元した（Figure 9）。94、95 は無細胞系阻害活性が大きく減弱したが、アミン
をメチル化した 95 は 76j と同程度の阻害活性を有することが示唆された。この結果に着
目し、1,5-benzoxaazepine 構造のアミンの置換基について検討した（Table 16）。N-Me 体 90
は、6 員環スピロ体 76j より阻害活性は劣るが、SCD-1 阻害活性を示した。N-Et 置換体 91
は N-Me 体 90 よりマウス及びヒト無細胞系阻害活性が約 7 倍向上したが、N-EtOH 体 92
はマウス阻害活性が大きく減弱した。各化合物の脂溶性は、cLogP : 90 = 1.5、91 = 2.0、92 
= 0.7 であり、脂溶性の向上が阻害活性向上に寄与していることが示唆された。 
94: R =H
95: R =Me
IC50 (mouse or human) > 1 M
94: IC50 (mouse or human) > 1 M
95: IC50 (mouse) = 50 nM




93 76j: X =CH
IC50 (mouse) = 50 nM
IC50 (human) = 250 nM
 
Figure 9. Ring expansion of 6-membered spiropiperidine to 7-membered spiropiperidine. 
 













No. IC 50 
a (nM)
mouse 9
IC 50 a (nM)
human 9
 a Values are the arithmetric means of at least two experiments.  b NT = not tested.
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て検討した（Table 17）。Table 15 に示すスピロ骨格の検討の結果、最も in vitro 阻害活性が
強かったのはクロメン体 78j であったが、ヒドロキシ体 80j の方が合成的に容易であるこ
とから、まずは 80j のヒロドキシ体にてベンゼン環上への置換基の導入位置を検討するこ
ととした。F 置換体が市販の化合物を出発物質としてベンゼン環上各位（5-、6-、7-、8-）
の置換体を簡便に合成可能であったため、置換基は F を選択した。5 位置換体 80e は、マ
ウス無細胞系阻害活性は無置換体 80j と同等であったが、ヒト無細胞系阻害活性及び細胞
評価系の阻害活性は 3 倍以上向上した。一方、6 位、7 位置換体 80h、80i は大きく阻害活
性が減弱し、8 位置換体 80f は 80j と同程度の阻害活性であった。また、電子求引性基の F
置換基に対し、電子供与基のメトキシ基を導入した 80g は阻害活性が消失した。したがっ
て、スピロ 5 位への電子求引基の導入が in vitro 阻害活性向上に有用であることが示唆さ
れた。 
ヒドロキシスピロピペリジン誘導体 80e-80i での検討結果からスピロ 5 位置換に焦点を
当て、最も強力な in vitro 阻害活性を示した 78j のクロメン骨格にて置換基を検討した
（Table 17）。右側部位は、フェニル基より阻害活性が良好であった 3-Py 基に固定するこ
ととした（第 3 章第 3 節 Table 12）。その結果、クロメン骨格においても、5 位に電子求引
基であるハロゲン、ハロアルキル、アルキルを導入した 79a、79b、79d、79e はいずれも
非常に強力な in vitro 阻害活性を示した。特に、ヒト無細胞系阻害活性はリード化合物 62b
と同等以上、細胞評価系の阻害活性は 7 倍以上向上した。また、ヒドロキシスピロピペリ
ジン誘導体 80f にて阻害活性が維持された 8 位にも置換基を導入した 5,8-Di-F 体 79c も 5
位一置換体 79a、79b、79d、79e に匹敵する強力な in vitro 阻害活性を示した。 
スピロ 5 位置換体の in vivo 阻害活性 ID50を評価した結果、いずれもリード化合物 62b
と同等以上の阻害活性を示した。特にクロメン体 79a-79e は、ベンゾイルピペリジン誘導
体で最も in vivo 阻害活性が強かった 62k とほぼ同等かそれ以上の阻害活性を有すること
が明らかになった。 
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スピロピペリジン誘導体の最適化により、in vitro、in vivo 阻害活性が共にリード化合物
62b より向上したスピロ 5 位置換体 79a-79e を見出すことに成功した。 
 





80: X = CH, A = OH
79: X = N, A = H
62b: X = CH
62k: X = N  
No. R IC50 
a (nM) 
mouse 9 
IC50 a (nM) 
human 9 
IC50 a (nM) 
human cell  
 db/db mice  
ID50 a (mg/kg) 
62b -   7     15  51 12 
62k -  37     28  43  3 
80j H  16    338 481 15 
80e 5-F  17     97 157  7 
80h 6-F NTb  >1000 NTb NTb 
80i 7-F 156    548 NTb 20 
80f 8-F  33    315 NTb NTb 
80g 5-OMe NTb  >1000 NTb NTb 
79e 5-F   6     12  7  2 
79b 5-Cl   1      0.6  2  3 
79d 5-Me   1      2  6  4 
79a 5-CF3    0.5      0.3  3   0.8 
79c 5,8-Di-F   2      2  7  5 
a Values are the arithmetic means of at least two experiments. 
b NT = not tested.   
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第 4 節 スピロピペリジン誘導体 79a の PK プロファイル 
スピロピペリジン誘導体の代表化合物として強力な in vitro 及び in vivo 阻害活性を有す
る 79a の PK プロファイルを確認した（Table 18）。79a は良好な bioavailability を示し（F = 
67%）、ベンゾイルピペリジン誘導体で最も良好な PK プロファイルを示した 62k を上回る




Table 18. PK parameters of 62k and 79a in C57BL/6J mice a. 
No. 
iv (5 mg/kg) b po (20 mg/kg) b F 











AUC0 to 8 h 
(g h/mL) 
62k 1.3 29 2.4 6.3 0.9 - 7.8 68 
79a 0.9 17 1.0 3.5 2.0 1.0 13 67 
a A dose of each compound was either intravenously (5 mg/kg, DMA/Tween80/saline=10/10/80) 
injected into the  
tail vein of C57BL/6J mice (n = 2) or orally (20 mg/kg, PG/Tween = 4/1, n = 3) administered  
using an intubation tube. 
Plasma samples (20 L) were collected up to 8 h after intravenous or oral administration.  
The plasma concentrations of compounds were determined by LC/MS. 
b Values are the arithmetic means of at least two experiments. 
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第 5 節 まとめ 
第 3 章にて見出されたベンゾイルピペリジン誘導体 62b、62k のバックアップ化合物の
探索として、ベンゾイルピペリジン誘導体の構造展開を行い、左側部位のベンゾイルピペ
リジン構造をスピロピペリジン構造へ変換した。 
著者は、種々のスピロ骨格を検討した結果、6 員環スピロであるクロメン体 78j がリー
ド化合物であるベンゾイルピペリジン誘導体に匹敵する強力な in vitro 阻害活性を有する
ことを見出し、ベンゾイルピペリジン構造をスピロ骨格へ変換可能であることが判明した。
続いて、著者は、クロメン骨格スピロ誘導体の最適化を目的に、左側末端ベンゼン環上置
換基の SAR を検討した。その結果、5 位への電子求引基の導入が in vitro 阻害活性向上に
寄与することが明らかとなった。特に、in vivo 阻害活性の向上を狙って右側末端のフェニ
ル基を 3-Py 基に変換したクロメン体 79a-79e は、in vitro 及び in vivo 阻害活性共にリード
化合物 62b を凌ぐ有望化合物である。 
スピロピペリジン誘導体の代表化合物である 5-CF3体 79a の PK プロファイルは、ベン
ゾイルピペリジン誘導体 62k を上回る血漿中濃度を認めた（AUC0-8h = 13 g h/mL）。 
ベンゾイルピペリジン骨格からスピロピペリジン骨格への変換及び構造最適化により、
リード化合物より in vitro 及び in vivo 阻害活性が共に向上し、優れた PK プロファイルを
有する有望化合物 79a を見出した。 
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第 5 章 オキサジアゾール骨格を有する SCD-1 阻害化合物の創出 
 
第 1 節 スピロピペリジン誘導体の最適化 
第 4 章にてリード化合物 62b の左側構造検討の結果、強力な in vitro 及び in vivo 阻害活
性を有するクロメン体 79a が見出された。そこで、スピロピペリジン誘導体の右側部位の
最適化とバックアップ化合物の探索を目的に、79a の右側構造のアミド結合部位をウレア、




体のリード化合物 51 においてヒドロキシ基のない化合物（51a）の方が in vitro 阻害活性







Figure 10. Optimization of spiropiperidine-based SCD1 inhibitors. 
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第 2 節 スピロピペリジン誘導体の合成 
スピロピペリジン誘導体の合成法を Scheme 11、Scheme 12 に示す。ウレア体 97 は、ピ
ペリジン中間体 71a（第 4 章第 2 節 Scheme 8）を用いて市販の 6-chloropyridazine-3-ylamine
をアミノ化し左側部位 96 を得た。その後、3-isocyanatomethylpyridine と縮合して 97 を合
成した。トリアゾール体 101 は、ピペリジン中間体 71a から導いた中間体 100 とヒドラジ
ン 99 を縮合し、酸性条件下でトリアゾール環を構築して 101 を得た。 
オキサジアゾール体 106aは、ヒドラジン 99をピリダジン誘導体 60（第 3章第 2節Scheme 
6）と縮合し、TsCl と DMAP を用いてオキサジアゾール環を構築 44して中間体 102 を得た。
102 と左側部位 71a を縮合し、106a を導いた。オキサジアゾール体 107 は、ピリジン誘導
体 103 を出発物質とし、106a と同様に合成した。オキサジアゾール体 109 は、左側部位
71a と市販の 6-chloropyridazine-3-carboxylic acid methyl ester を縮合し、中間体 108 を得た。
108 を加水分解してカルボン酸とし、市販の nicotinic acid hydrazine と縮合後、106a と同様
にオキサジアゾール環を構築して 109 を導いた。 
オキサジアゾール誘導体 106b-106e、106j は、左側部位スピロ中間体 71b-71e、71j（第
4 章第 2 節 Scheme 8）を用い、右側部位中間体 102 とカップリングすることで目的化合物
106b-106e、106j を合成した。 
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 96  97
 101
Reagents and Conditions: (a) 6-chloropyridazin-3-ylamine, Et3N, n-BuOH, 100 °C;  
(b) 3-isocyanatomethylpyridine, CH2Cl2, reflux; (c) hydrazine monohydrate, EtOH, quantitative 
yield; (d) 6-chloropyridazin-3-carbonitrile, Et3N, NMP, 120 °C; (e) 99, NaOMe, MeOH, rt to 
reflux, then AcOH, reflux. 
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 b: X = Cl, Y = H
 c: X = Y = F
 d: X = Me, Y = H
 e: X = F, Y = H














 107:  n=2
 71a
c d, b








Reagents and Conditions: (a) Et3N, DMF; (b) TsCl, DMAP, CH3CN; (c) hydrazine monohydrate, 
EtOH; (d) 6-chloropyridazine-3-carboxylic acid, T3P, Et3N, DMF, rt; (e) 102 or 105, Et3N, 
n-BuOH, 100 °C; (f) 6-chloropyridazine-3-carboxylic acid methyl ester, Et3N, NMP, 100 °C; (g) 




第 3 節 スピロピペリジン誘導体右側部位の変換とオキサジアゾール骨格スピロピペリ
ジン誘導体の構造活性相関 
スピロピペリジン誘導体の右側部位を変換した化合物の構造活性相関をTable 19に示す。
ウレア体 97 は、アミドタイプ 79a に比べ、無細胞系阻害活性が 10 倍以上、細胞評価系の
阻害活性が 30 倍以上減弱した。一方、トリアゾール体 101 は 79a と同等の in vitro 阻害活
性を示した。さらに、オキサジアゾール体 106a は、ヒト無細胞系阻害活性が 79a の約 10
倍強くなっており、スピロピペリジン誘導体で最も強力な in vitro 阻害活性を示した。そ
こで、オキサジアゾール環に着目し、オキサジアゾール環と右側末端ピリジンとのリンカ
ーの長さを検討した。その結果、一炭素伸長したメチレン体 107 は、106a より無細胞系
阻害活性が 60 倍以上大きく減弱し、また、リンカーを無くした 109 は阻害活性が消失し
た。したがって、リンカーは一炭素の 106a が最適であることが明らかとなった。 
 













IC 50 a (nM)
mouse 9
IC 50 a (nM)
human 9
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続いて、強力な in vitro 阻害活性を示したオキサジアゾール体 106a について、左側部位
の構造活性相関を確認した。右側部位がアミドタイプのスピロピペリジン誘導体の SAR
にて、左側末端ベンゼン環上置換基は、5 位及び 5,8-位への電子求引基導入が阻害活性向
上に有用であることを見出した（第 4 章第 3 節）。その知見を基に、オキサジアゾール骨
格誘導体においても左側部位ベンゼン環 5 位及び 5,8-位の置換基について検討することと
した（Table 20）。 
各置換基を導入した化合物はいずれも無置換体 106j と同等以上の非常に強力な in vitro
阻害活性を示した。スピロ環に同じ置換基を有するアミドタイプ誘導体 79a-79e（第 4 章
第 3 節 Table 17）と比べ、マウス無細胞系阻害活性は 3 倍以上、ヒト無細胞系阻害活性は
10 倍以上、細胞評価系では同等～10 倍阻害活性が向上していることが明らかとなった。
また、in vivo 阻害活性も対応するアミドタイプ誘導体 79a-79e と同等の強さを示した。 
したがって、オキサジアゾール骨格スピロピペリジン誘導体においてもアミドタイプ誘











No. R IC50 
a (nM) 
mouse 9 
IC50 a (nM) 
human 9 
IC50 a (nM) 
human cell 
 db/db mice 
ID50 a (mg/kg) 
79a 5-CF3 0.5 0.3 3 0.8 
106a 5-CF3 0.06 0.03 0.8 0.4 
106b 5-Cl 0.04 0.06 1 1 
106c 5,8-Di-F 0.5 0.1 1 <2b 
106d 5-Me 0.2 0.2 0.7 1 
106e 5-F 2 0.3 0.7 0.6 
106j H 2 1 4 2 
  a Values are the arithmetic means of at least two experiments.  b 71% inhibition at 2 mg/kg. 
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第 4 節 オキサジアゾール骨格スピロピペリジン誘導体の ADME 及び PK プロファイル 
5 位一置換体 106a、106b、106d、106e、及び無置換体 106j の物性と PK プロファイルを




性条件下（JP-2: pH = 6.8）での溶解性は乏しかったが、酸性条件下（JP-1: pH = 1.2）にお
ける溶解性は非常に高かった。脂溶性は、1.7～2.9 の間であり、いずれの化合物も Lipinski
の rule of 5（c Log P <5）45の範囲内で適度に低めに保たれていることが判明した。 
各化合物の溶解性と脂溶性に大きな差はなかったが、PK プロファイルについては、
5-CF3体 106a と 5-F 体 106e の Cmax及び AUC が他の置換体と比べて 2 倍以上高く、顕著な
差が認められた。106a 及び 106e の in vivo 阻害活性（ID50: 106a = 0.4 mg/kg、106e = 0.6 mg/kg、
Table 20）は他の置換体に比べ約 2 倍強く、これは両化合物の血漿中濃度の高さに起因す
ることが示唆された。 
オキサジアゾール誘導体は、脂溶性が適度に保たれており、阻害活性と物性のバランス















PK d (po, 20 mg/kg) 
JP-1 (pH = 1.2) 
(M) 








AUC0 to 8 h 
(g h/mL) 
106a 88 <0.5 2.9 2.6 1.0 1.4 7.8 
106b >50 <0.5 2.6 0.69 0.8 0.7 1.4 
106d 91 <0.5 2.2 1.1 0.8 0.6 2.1 
106e >100 <0.5 2.0 2.9 1.3 1.0 6.8 
106j 92 4.2 1.7 1.3 1.0 0.8 2.4 
a Values are the arithmetic means of at least two experiments. 
b Aqueous acidic (JP-1) and neutral solution (JP-2) were purchased from Kanto Chemical Co., Inc. The 
sample solution was assayed using HPLC methodologies. 250 M of the compound solution in aqueous 
CH3CN solution (1:1 (v/v)) was prepared to make a calibration curve. The solubility was determined by 
comparing the UV peak area of the standard solution.  
c The cLogP values were calculated by CLOGP software (Version 4.8.2, Daylight Chemical Information 
Systems, Inc.) 
d A dose of each compound was orally (20 mg/kg, PG/Tween = 4:1, n = 3) administered using an intubation 
tube.Plasma samples (20 L) were collected up to 8 h after intravenous or oral administration. 
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オキサジアゾール骨格スピロピペリジン誘導体の代表化合物として阻害活性と物性が
良好な 5-F 体 106e について詳細な ADME 評価を行った（Table 22、Table 23）。代謝安定性
は、マウス及びヒト双方の系において 51～65％であり、ベンゾイルピペリジン誘導体の
有望化合物 62k の安定性（78%、第 3 章第 4 節）には及ばなかった。PK プロファイルで





ヒト CYP 阻害は、1A2、2C19、2D6 に対しては阻害率が低かったが、2C9 及び 3A4 に
対しては阻害する可能性（2C9: IC50 = 3.0 M、3A4: IC50 = 1.6 M）が示唆された。しかし、
これら CYP 阻害活性は SCD-1 阻害活性（IC50 (human) = 0.3 nM）と 5000 倍以上の差があ
り、SCD-1 阻害の薬効用量における CYP 阻害の懸念は低いと考えられる。 
 
Table 22. ADME profile of 106e. 
Solubility a 
cLog P b
Stability (%) c CYP Inhibition IC50 (M) 
JP-1 (pH = 1.2) 
(M) 
JP-2 (pH = 6.8) 
(M) MLM HLM 1A2 2C9 2C19 2D6 3A4
>100 <0.5 2.0 51 65 18 3.0 14 27 1.6 
a Aqueous acidic (JP-1) and neutral solution (JP-2) were purchased from Kanto Chemical Co., Inc. The 
sample solution was assayed using HPLC methodologies. 250 M of the compound solution in 
aqueous CH3CN solution (1:1 (v/v)) was prepared to make a calibration curve.  The solubility was 
determined by comparing the UV peak area of the standard solution. 
b The cLogP values were calculated by CLOGP software (Version 4.8.2, Daylight Chemical 
Information Systems, Inc.) 
c Stability is described as % remaining after 30 min incubation with murine liver microsomes (MLM) 
or human liver microsomes (HLM). 
 
Table 23. PK profile a of 106e. 
iv (5 mg/kg) b  po (20 mg/kg) b 










AUC0 to 8 h 
(g h/mL) 
0.4 53 1.3  2.9 1.3 6.8 >95 
a Values are the arithmetic means of at least two experiments. 
b A dose of each compound was either intravenously (5 mg/kg, DMA/Tween80/saline=10/10/80) injected 
into the tail vein of C57BL/6J mice (n = 2) or orally (20 mg/kg, PG/Tween = 4:1, n = 3) administered using 
an intubation tube. Plasma samples (20 L) were collected up to 8 h after intravenous or oral administration. 
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第 4 節 オキサジアゾール骨格スピロピペリジン誘導体の in vivo 評価 
オキサジアゾール骨格スピロピペリジン誘導体の代表化合物として 106e を無脂肪食負
荷 C57BL/6J マウスに 1 日 1 回 7 日間連続投与し、in vivo における SCD-1 阻害効果を評価
した。バイオマーカーの血漿中脂肪酸不飽和度（[C14]オレイン酸（C18:1 N9）と[C14]ステ
アリン酸（C18:0）の比率（C18:1 / C18:0））は、用量依存的に低下し、0.3 mg/kg 群にて 32%、
最大用量の 10 mg/kg 群にて 66％の低下を認めた（Figure 11）。また、1 mg/kg 以上の高用
量群における脂肪酸不飽和度は、通常食（FR-2）負荷群より低くなっており、106e が強
力に SCD-1 を阻害していることが示唆された。 














0.3 mg/kg 1mg/kg 3 mg/kg 10 mg/kg
FR-2 cont Compd 10e
 
Figure 11. Plasma desaturation index lowering effect of 106e after 7 days (q.d.) in C57BL/6J mice 
(n = 4) fed a high carbohydrate diet. 
106e 
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第 5 節 まとめ 
スピロピペリジン誘導体の右側部位の最適化を行い、アミド部位をオキサジアゾール構
造に変換した誘導体 106a を見出した。106a は、スピロピペリジン誘導体で最も強力な in 
vitro 阻害活性を示した。 
著者は、オキサジアゾール体 106a の左側部位ベンゼン環上置換基を検討した。第 4 章
におけるアミドタイプ誘導体の SAR の知見を基に、左側末端ベンゼン環 5 位へ置換基を
導入した結果、合成したオキサジアゾール誘導体 106a-106e はいずれもベンゼン環 5 位置





唆された。特に、106a と 106e は、血漿中の曝露量が高く、優れた PK プロファイルを有
する有望化合物である。106e はこれまでに合成したピペリジン誘導体の中で最も高い
bioavailability を示し（F > 95 %）、更に、CYP 阻害の懸念が低いことも示唆された。 
オキサジアゾール骨格スピロ誘導体の代表化合物として 106e のマウス連続投与試験を
行った結果、バイオマーカーである血漿中脂肪酸不飽和度が用量依存的に低下し、10 
mg/kg 群にて 66%の低下を認め、106e が強力に SCD-1 を阻害していることが明らかとな







本研究は、不飽和脂肪酸合成酵素である SCD-1 をターゲットとし、SCD-1 阻害作用と
脂質代謝機構との関連を解明し、新しい作用機序を有する脂質代謝改善薬の創出を目的と
して行った。 
第 1 章では、HTS から発見されたチアゾール骨格を有するリード化合物 7a の構造変換
により、7a と同等の強力な in vitro 阻害活性を維持しつつ、7a の弱点であった PK プロフ
ァイルが大きく改善したチアゾール誘導体 18a を見出した。18a は、7a に比べクリアラン
スが小さくなっており、構造変換の狙いであった代謝安定性の改善が PK プロファイルの
向上に繋がったと考えられる。 
第 2 章では、第 1 章にて見出されたチアゾール誘導体 18a の SAR を検討し、構造最適
化を行った。その結果、50c は 18a よりヒト無細胞系阻害活性が 70 倍以上、細胞評価系
阻害活性が 7 倍以上向上し、これまでに合成したチアゾール誘導体の中で最も強力な in 
vitro 阻害活性を示した。更に、50c は 18a より bioavailability が 2 倍以上向上した。50c を
マウスに連続投与した結果、血漿中脂肪酸不飽和度が 3 mg/kg 群にて 65％低下し、in vivo
での強力な SCD-1 阻害効果が確認された。連投時に皮膚及び眼の異常所見は認められず、
18aの最適化により in vitro阻害活性が向上し、経口投与可能な有望化合物 50cを見出した。 
第 3 章では、チアゾール誘導体と別系統の化合物として、ベンゾイルピペラジン骨格の
リード化合物 51a の変換により PK プロファイルが改善したベンゾイルピペリジン誘導体
を導いた。ベンゾイルピペリジン誘導体の SAR を検討した結果、強力な in vivo 阻害活性






体 78j がリード化合物であるベンゾイルピペリジン誘導体に匹敵する強力な in vitro 阻害
活性を有することを見出した。スピロピペリジン誘導体の最適化を行い、左側末端ベンゼ
ン環上 5 位への電子求引基の導入が in vitro 阻害活性向上に寄与することが明らかとなっ
た。ベンゾイルピペリジン骨格からスピロピペリジン骨格の変換及び構造最適化により、
リード化合物 62b より in vitro 及び in vivo 阻害活性が共に 10 倍以上向上し、優れた PK プ
ロファイルを有する有望化合物 79a を見出した。 
第 5 章では、スピロピペリジン誘導体の最適化により、右側部位にオキサジアゾール環
を有する 106a を見出した。106a について、左側部位ベンゼン環上置換基を検討した結果、
オキサジアゾール骨格スピロピペリジン誘導体においてもプロトタイプのアミド誘導体
と同様に、左側末端ベンゼン環 5 位に電子求引基を導入することが in vitro 及び in vivo 阻
害活性向上に有効であることが明らかとなった。オキサジアゾール骨格スピロピペリジン
誘導体は、脂溶性が適度に保たれており、阻害活性と物性のバランスがとれた誘導体であ
ることが示唆された。特に、106a と 106e は、経口投与時の血漿中濃度が高く、優れた PK
プロファイルを有する有望化合物である。106e の連続投与試験を行った結果、血漿中脂肪
酸不飽和度が 10 mg/kg 群にて 66%低下したが軽度の眼瞼下垂が認められ、副作用回避策
について検討が必要である。 
本研究では、HTS ヒット化合物からチアゾール誘導体の構造最適化を行い、SAR を明
らかにし、強力な SCD-1 阻害活性と良好な PK プロファイルを有する新規 SCD-1 阻害物
質 18a 及び 50c を創出した。また、別系統の骨格を有する SCD-1 阻害物質の探索により、
強力な SCD-1 阻害活性と優れた PK プロファイルを有するピペリジン誘導体 62k、79a、









Desaturase enzymatic assay (Section 1-5) 
The SCD-1 activity was determined by measuring the conversion of stearate to oleate. In each 
reaction tube, test compounds were preincubated with 10 L microsomes for 10 min at room 
temperature. The SCD-1 reaction was started by the addition of 40 L of a mixture containing 250 
mM sucrose, 150 mM KCl, 40 mM NaF, 5 mM MgCl2, 100 mM sodium phosphate, pH7.4, 1 mM 
ATP, 1.5 mM reduced glutathione, 0.06 mM reduced coenzyme A, 0.33 mM nicotinamide, 1.25 
mM NADH and 0.01 Ci [14C] stearate. After 60 min incubation at 37 °C, the reaction was 
stopped by adding 50 L methanol containing 10% KOH and then the mixture was saponified at 
80 °C for 30 min. The free fatty acids in the reaction were protonated by the addition of 5N HCl 
(15 L) and extracted with 100 L ethyl acetate. 30 L of the ethyl acetate extracts of each 
reaction was charged to an AgNO3-TLC plate (20 x 20 cm LK5D plates, 150 Ǻ pore diameter, 250 
m thick) and differentiated in a solvent consisting of chloroform : methanol : acetate : water 
(90:8:1:0.8). [14C] stearate and [14C] oleate were quantified with BAS2500 (Fujifilm) and SCD-1 
activity was determined as the ratio of [14C] oleate to [14C] stearate. The IC50 values were 
calculated by linear regression using the straight line portions of the concentration-response 
curve.To measure the delta-6 desaturase activity, [14C] linolenic acid was used as the substrate and 
the delta-6 desaturase activity was determined as the ratio of [14C] C18:3 n-3 to [14C] C18:4 n-3. 
 
Cellular assay (Section 2-5) 
A 293A cell-based desaturase assay was performed in a 96-well plate. Human SCD-1 gene was 
cloned into the expression vector pCMV-script (Stratagene). 293A cells stably expressing human 
SCD-1 were obtained by transfecting the expression vector to 293 cells and selected with G418. 
70 
293A cells in 100 L media (DMEM + 10% FBS) were seeded to each well of the 96-well plate 
and grown overnight to be confluent. The cells were preincubated with test compound in fresh 
media for 30 min, after which 10 L media containing 0.1 Ci [14C] stearate was added to each 
well and incubated for another 4 hours. Then the cells in each well were washed with cold PBS 
and the cellular lipids were saponified directly by adding 100 L of 5% KOH in methanol:H2O 
(1:1). The samples were processed as described for the SCD-1 enzymatic assay to determine the 
SCD-1 activity by quantifying the ratio of [14C] oleate to [14C] stearate. 
 
Determination of ID50 in db/db mice (Section 2-5) 
SCD-1 inhibitors were administered to 7-week-old db/db male mice by oral gavage 2 hours prior 
to the administration of [14C] stearate. Then the mice were injected i.p. with 5 mL/kg of 20 Ci/ml 
[14C] stearate solution in saline containing 2% BSA, resulting in a bolus amount of 100 Ci/kg.  
One hour after the injection of [14C] stearate, the mice were sacrificed and their livers were 
removed and frozen quickly in liquid nitrogen. The livers were homogenized in 9x volume of cold 
PBS, and 250 L of homogenate was mixed with equal volume of methanol containing 10% KOH. 
Then the samples were processed as described for the SCD-1 enzymatic assay to determine the 
SCD-1 activity by quantifing the ratio of [14C] oleate to [14C] stearate. The dose at which 50% of 
SCD-1 activity is inhibited is described as ID50. 
Determination of ID50 in C57BL/6J mice (Section 2) 
9-week-old C57BL/6J mice grown with a normal chow diet were fed a non-fat diet (Research 
Diets, Inc., D05052506) for 7 days. SCD-1 inhibitors were administered to the mice (n =2) 2 h or 6 
h prior to the administration of [14C] stearate. Then the mice were injected i.p. with 5 mL/kg of 20 
Ci/mL [14C] stearate solution in saline containing 2% BSA, resulting in a bolus amount of 100 
Ci/kg. One hour after the injection of [14C] stearate, the mice were sacrificed and their livers were 
removed and quickly frozen in liquid nitrogen. The livers were homogenized in 9x volume of cold 
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PBS, and 250 L of homogenate was mixed with an equal volume of methanol containing 10% 
KOH. Then the samples were processed as described for the SCD-1 enzymatic assay to determine 
the SCD-1 activity by quantifying the ratio of [14C] oleate to [14C] stearate. The dose at which 50% 
of SCD-1 activity is inhibited is described as ID50. 
 
Evaluation of desaturation index in C57BL/6J mice (Section 2, 5) 
9-week-old male C57BL6J mice grown with a normal chow diet were fed with a non-fat diet 
(Research Diets, Inc., D05052506) for 7 days. Compound 50c or 106e was administered daily at 
doses of 0.3, 1, and 3 mg/kg to male C57BL6J mice on a non-fat diet for 7 days in the evening by 
oral gavage in propylene glycol/Tween 80 (4/1) formulation (dosing vehicle). The animals were 
allowed free access to the non-fat diet and water throughout the study. After the seventh dose, the 
animals were sacrificed in the morning and the blood serum was assayed for the desaturation index 
as follows. 30 L serum was mixed with 4 mL 0.5N KOH in methanol and saponified at 100 °C 
for 30 min. The free fatty acids in the reaction were protonated by the addition of 2 mL of 1N HCl 
and extracted with 3 mL of n-hexane. 2 mL of the hexane extracts were dried up and dissolved 
with 1 mL of BF3-methanol and esterified at 100 °C for 15 min. The samples were mixed with 1 
mL of H2O and extracted with 1 mL n-hexane. 1 L of the final hexane extracts were loaded to a 
gas chromatogram to determine the stearate and oleate content. The desaturation index was 
calculated as the ratio of oleate to stearate. 
Evaluation of an SCD inhibitor in Zucker fatty rats (Section 3) 
Compound 62k was administered daily at doses of 3, 10, 30 mg/kg to male Zucker fatty rats (8 
week old) for 7 days in the evening by oral gavage in propylene glycol/Tween 80 (4/1) formulation 
(dosing vehicle). The animals were allowed free access to food (standard chow) and water 
throughout the study. After the seventh dose, blood was obtained from the tail vein (by a tail cut) 





All melting points were measured with a Mettler Toledo Thermo System FP8HT and are 
uncorrected. The IR spectra were measured with a JEOL FT/IR 6100 spectrophotometer, and the 
peaks were recorded in cm−1. 1H NMR spectra were recorded on a Varian Mercury 400 or 500 
spectrometer with tetramethylsilane as an internal reference. 13C NMR spectra were recorded on a 
JEOL ECS-400 spectrometer with tetramethylsilane as an internal reference. The mass spectra 
(Low- or High-resolution mass) spectroscopy was carried out with a JEOL GCmate, JEOL 
JMS-700 mass spectrometer or JEOL T100LC（AccuTOF). Thin-layer chromatography (TLC) was 
used routinely to monitor the progress and the purity of the compounds and was performed on 
Merck Kieselgel 60 F254 plates (0.25 mm thickness). For the flash column chromatography, silica 
gel (Kieselgel 60, 230–400 mesh or Chromatorex NH 100-200 mesh from FUJISILYSIA 







1) 3-(3-Trifluoromethylphenyl)propionaldehyde (11a). 
To a solution of 3-iodobenzotrifluoride (10a, 10.8 g) in DMF (150 ml) were added allyl alcohol 
(4.1 mL), tetrabutylammonium chloride (16.6 g), sodium bicarbonate (8.34 g), and palladium 
acetate (485 mg) at 0 °C. The reaction mixture was warmed to room temperature, heated at 50 °C 
for 2 h, diluted with water, and extracted with EtOAc. The organic layer was washed with brine, 
dried over Na2SO4, and concentrated. The residue was chromatographed on SiO2 (hexane/EtOAc) 
to give 7.17 g (89%) of 11a as a pale yellow oil. 
1H NMR (400MHz, CDCl3):  9.84(1H, s), 7.49-7.39(4H, m), 3.02(2H, t, J = 7.4 Hz), 2.83(2H, t, 
J=7.6 Hz). 
2) 5-(3-Trifluoromethylbenzyl)thiazol-2-ylamine (9a). 
To a solution of 11a (14.0 g) in CH2Cl2 (150 mL) were added L-proline (1.60 g) and 
N-chlorosuccinimide (12.1 g) at 0 °C. The reaction mixture was warmed to room temperature, 
stirred for 1.5 h, and diluted with hexane (300 mL). The resulting suspension was vigorously 
stirred, and filtered. The filtrate was diluted with EtOAc, washed with saturated aqueous NaHCO3 
and brine, dried over Na2SO4, and concentrated. The residue (17.4 g) was mixed with thiourea 
(5.28 g) in EtOH (200 mL). The mixture was heated to reflux for 17 h, concentrated, diluted with 
EtOAc, washed with saturated aqueous NaHCO3, and concentrated. Chromatography of the 
residue on SiO2 (CH2Cl2/EtOAC) gave 10.2 g (57%) of 9a as a beige solid.  
1H NMR (400MHz, CDCl3):  7.48-7.46(2H, m), 7.43-7.38(2H, m), 6.81(1H, s), 4.87(2H, brs), 




A solution of 9a (553 mg, 2.14 mmol), 3-phenylprop-2-enoic acid (572 mg, 3.21 mmol), HATU 
(1.22 g, 3.21 mmol), and Et3N (0.45 mL, 3.21 mmol) in DMA (30 mL) was stirred at room 
temperature for 3 h. The reaction mixture was diluted with EtOAc, washed with saturated aqueous 
NaHCO3 and brine, dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 
(CH2Cl2/EtOAc) gave 249 mg (28 %) of 7a as a white solid. 
1H NMR (400MHz, CDCl3): δ 7.80(1H, d, J=15.6 Hz), 7.52-7.44(6H, m), 7.22(1H, s), 6.92(2H, d, 




To a solution of 6-methoxy-2-naphthoic acid (231 mg, 1.14 mmol) in CH2Cl2 (8.0 mL) was 
added oxalyl chloride (0.40 mL, 4.56 mmol) and DMF (1 drop) were stirred at 0 °C for 0.5 h. The 
reaction mixture was evaporated in vacuo with toluene. The residue was dissolved in CH2Cl2 (3.0 
mL), and was add to a solution of 9a (192 mg, 0.743 mmol) and Et3N (0.319 mL, 2.29 mmol) in 
CH2Cl2 (6.0 mL) at 0 °C. The mixture was stirred at room temperature over night. The reaction 
mixture was diluted with EtOAc, washed with saturated aqueous NaHCO3 and brine, dried over 
Na2SO4, and concentrated. Chromatography of the residue on SiO2 (CH2Cl2/EtOAc) gave 42.7 mg 
(13 %) of 7b as a yellow solid. 
Mp: 182-184 °C. 1H NMR (500MHz, CDCl3): δ 11.3(1H, brs), 8.42(1H, s), 7.97(1H, d, J=8.3 Hz), 
7.83-7.79(2H, m), 7.49-7.40(3H, m), 7.26-7.19(3H, m), 6.95(1H, s), 4.10(2H, s), 3.97(3H, s). MS 
(ESI) m/z: 443 (M+H)+. 
 
N-[5-[[3-(Trifluoromethyl)phenyl]methyl]thiazol-2-yl]naphthalene-2-carboxamide (7c). 
To a solution of 9a (98.4 mg, 0.381 mmol) in CH2Cl2 (2.0 mL) was added 2-naphthoyl chloride 
(79.9 mg, 0.419 mmol) and Et3N (0.159 mL, 1.14 mmol) at 0 °C. The mixture was stirred at room 
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temperature over night. The reaction mixture was diluted with EtOAc, washed with saturated 
aqueous NaHCO3 and brine, dried (Na2SO4), and concentrated. Chromatography of the residue on 
SiO2 (CH2Cl2/EtOAc) gave 12.0 mg (8 %) of 7c as a brown solid. 
Mp: 190-192 °C. 1H NMR (500MHz, CDCl3): δ 11.3(1H, brs), 8.49(1H, s), 8.00(1H, d, J=6.8 Hz), 
7.97-7.91(3H, m), 7.65-7.62(1H, m), 7.59-7.56(1H, m), 7.50(1H, d, J=6.4 Hz), 7.46(1H, s), 
7.42-7.40(2H, m), 6.93(1H, s), 4.10(2H, s). MS (ESI) m/z: 413 (M+H)+. 
 
3,4-Dimethyl-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide (7d). 
Using 3,4-dimethylbenzoic acid (64.0 mg 0.426 mmol), the same procedure as the preparation of 
7b was performed to give 7d as a pale yellow solid (78.9 mg, 52 %). 
Mp: 145-147 °C. 1H NMR (500MHz, CDCl3): δ 10.8(1H, brs), 7.72(1H, s), 7.66(1H, d, J=7.9 Hz), 
7.50-7.49(2H, m), 7.44-7.43(2H, m), 7.23(1H, d, J=7.8 Hz), 7.00(1H, s), 4.14(2H, s), 2.33(3H, s), 
2.30(3H, s). MS (ESI) m/z: 391 (M+H)+. 
 
3,4-Dimethoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide (7e). 
Using 3,4-dimethoxybenzoic acid (76.7 mg 0.421 mmol), the same procedure as the preparation of 
7b was performed to give 7e as a yellow solid (86.9 mg, 53 %). 
Mp: 195-197 °C. 1H NMR (500MHz, CDCl3): δ 7.52-7.48(3H, m), 7.45-7.43(2H, m), 7.11(1H, 
brs), 6.94(1H, s), 6.92(1H, s), 4.16(2H, s), 3.95(3H, s), 3.93(3H, s). MS (ESI) m/z: 423 (M+H)+. 
Anal. Calcd. for C20H17F3N2O3S･1/4H2O: C, 56.27; H, 4.13; N, 6.56; F, 13.35; S, 7.51. Found: C, 
56.30; H, 4.20; N, 6.52; F, 13.36; S, 7.38. 
  
3-Methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide (7f). 
A solution of 9a (100 mg 0.387 mmol), 3-methoxybenzoic acid (64.1 mg 0.421 mmol), HOBt 
(56.9 mg, 0.421 mmol), WSC･HCl (80.7 mg, 0.421 mmol), and DMAP (71.0 mg, 0.581 mL) in 
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DMA (4.0 mL) was stirred at room temperature for 16 days. The reaction mixture was diluted with 
EtOAc, washed with saturated aqueous NaHCO3 and brine, dried over Na2SO4, and concentrated. 
The solids were collected by filtration using iPr2O to give 7f as a pale yellow solid (68.1 mg, 
45 %). 
Mp: 112-114 °C. 1H NMR (500MHz, CDCl3): δ 11.3(1H, brs), 7.52-7.43(6H, m), 7.36(1H, t, J=8.1 




Using 4-methoxybenzoyl chloride (71.8 mg 0.421 mmol), the same procedure as the preparation of 
7c was performed to give 7g as a pale yellow solid (61.2 mg, 40 %). 
Mp: 146-148 °C. 1H NMR (400MHz, CDCl3): δ 7.91(2H, d, J=8.6 Hz), 7.51-7.50(2H, m), 




1) 4-(2-Hydroxyethoxy)-3-methoxybenzoic acid (14). 
A solution of 4-hydroxy-3-methoxybenzoic acid (13a, 10.0 g, 59.5 mmol), 2-bromoethanol (4.64 
mL, 65.4 mmol) and KOH (8.35 g, 149 mmol) in Ethanol (67 mL) and water (33 mL) was stirred 
at 90 °C for 4 h. The reaction mixture was concentrated in vacuo. Water and 2N HCl were added 
and the mixture was stirred at room temperature. After filtration, the residue was washed with 
iPr2O and water to give 14 as a brown solid (6.77 g, 54 %). 
1H NMR (400MHz, DMSO-d6): δ 7.53(1H, dd, J=8.2, 1.9 Hz), 7.43(1H, d, J=1.9 Hz), 7.41(1H, s), 
7.04(1H, d, J=8.2 Hz), 4.86(1H, t, J=5.5 Hz), 4.03(2H, t, J=4.9 Hz), 3.74-3.70(2H, m), 3.30(3H, 
s).. MS (ESI) m/z: 213 (M+H)+. 
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2) 4-(2-Hydroxyethoxy)-3-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide  
(15). 
Using 14 (89.3 mg 0.421 mmol) and 9a (100 mg, 0.387 mmol), the same procedure as the 
preparation of 7a was performed to give 15 as a pale yellow solid (34.1 mg, 19 %). 
Mp: 199-201 °C. 1H NMR (500MHz, DMSO-d6): δ 12.4(1H, brs), 7.69-7.55(6H, m), 7.35(1H, s), 
7.08(1H, d, J=9.3 Hz), 4.88(1H, t, J=5.1 Hz), 4.23(2H, s), 4.05(2H, t, J=5.2 Hz), 3.83(3H, s), 
3.72(2H, q, J=5.9 Hz). MS (ESI) m/z: 453 (M+H)+. 
 
3-(2-Hydroxyethoxy)-4-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide (18a). 
1) 3 4-Methoxy-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (17). 
A suspension of 3-hydroxy-4-methoxybenzoic acid methyl ester (16, 27.8 g, 153 mmol), 
2-bromoethanol (27.0 mL, 383 mmol), and K2CO3 (42.3 g, 306 mmol) in DMA (280 mL) was 
heated at 80 ~ 100 °C for 8 h. The reaction mixture was diluted with water and extracted with 
EtOAc. The organic layer was washed with brine, dried over Na2SO4, and concentrated.  
Chromatography of the residue on SiO2 (hexane/EtOAc) gave an impure product, which was 
triturated in hexane/iPr2O, collected by filtration, and dried in vacuo to give 23.7 g (69 %) of 
3-(2-hydroxyethoxy)-4-methoxybenzoic acid methyl ester as a pale yellow solid 
1H NMR (400MHz,CDCl3): δ 7.72(1H, dd, J=8.6, 2.0 Hz), 7.60(1H, d, J=2.0 Hz), 6.92(1H, d, 
J=8.6 Hz), 4.19(2H, t, J=4.5 Hz), 4.00-3.96(2H, m), 3.93(3H, s), 3.90(3H, s), 2.50(1H, t, J=6.2 
Hz). MS (ESI) m/z: 227 (M+H)+. 
A solution of 3-(2-hydroxyethoxy)-4-methoxybenzoic acid methyl ester (14.8 g, 65.4 mmol), DHP 
(18 mL, 196 mmol), and PPTS (1.64 g, 6.54 mmol) in CH2Cl2 (150 mL) was stirred at room 
temperature for 32 h, and concentrated. The residue was diluted with EtOAc, washed with water, 
saturated aqueous NaHCO3, and brine, dried over Na2SO4, and concentrated. Chromatography of 
the residue on SiO2 (hexane/EtOAc) gave 15.1 g (74 %) of 4-methoxy-3-[2-(tetrahydropyran-2- 
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yloxy)ethoxy]benzoic acid methyl ester as a colorless oil. 
1H NMR (400MHz,CDCl3): δ 7.69(1H, dd, J=8.2, 2.0 Hz), 7.65(1H, d, J=2.0 Hz), 6.89(1H, d, 
J=8.2 Hz), 4.73(1H, t, J=3.5 Hz), 4.28(2H, t, J=4.9 Hz), 4.15-4.07(1H, m), 3.92(3H, s), 
3.92-3.85(2H, m), 3.89(3H, s), 3.56-3.51(1H, m), 1.88-1.51(6H, m). MS (FAB) m/z: 333 (M+Na)+. 
A solution of 4-methoxy-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid methyl ester (14.4 g, 
46.4 mmol) in 1N NaOH (51 mL) and dioxane (140 mL) was heated at 70 °C. The organic solvent 
was removed by evaporation. The aqueous mixture was acidified with 10% citric acid (aq), and 
extracted with EtOAc. The organic layer was washed with water and brine, dried over Na2SO4, and 
concentrated. Chromatography of the residue on SiO2 (CH2Cl2/MeOH) gave an impure product, 
which was vigorously stirred in hexane/iPr2O (5:1) at 60 °C for 30 min, collected by filtration, and 
dried in vacuo to give 9.24 g (67 %) of 17 as a white solid. 
1H NMR (400MHz, CDCl3): δ 7.78(1H, dd, J=8.6, 1.9 Hz), 7.71(1H, d, J=1.9 Hz), 6.93(1H, d, 
J=8.6 Hz), 4.75(1H, t, J=3.5 Hz), 4.30(2H, t, J=4.9 Hz), 4.13-4.08(1H, m), 3.94(1H, s), 
3.92-3.86(2H, m), 3.55-3.52(1H, m), 1.86-1.51(6H, m). MS (FAB) m/z: 319 (M+Na)+. 
2) 3-(2-Hydroxyethoxy)-4-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (18a). 
A solution of 9a (4.35 g, 16.8 mmol), 17 (5.49 g, 18.5 mmol), HATU (7.03 g, 18.5 mmol), and 
Et3N (4.7 mL, 33.6 mmol) in DMA (90 mL) was stirred at room temperature for 4 days, and 
heated at 70 °C for 3 h. The reaction mixture was diluted with EtOAc, washed with saturated 
aqueous NaHCO3 and brine, dried over Na2SO4, and concentrated. Chromatography of the residue 
on SiO2 (CH2Cl2/MeOH) gave 9.26 g of the amide. The amide (9.26 g) was mixed with 1N HCl 
(17 mL) and MeOH (90 mL), and heated at 50 °C for 2 h. The reaction mixture was neutralized 
with 2N NaOH, and the organic solvent was removed by evaporation. The aqueous mixture was 
extracted with EtOAc. The organic layer was washed with saturated aqueous NaHCO3 and brine, 
dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 (CHCl3/MeOH) 
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gave an impure product, which was washed with CH2Cl2, and recrystallized (2-PrOH) to give 5.04 
g (66 %, over 2 steps) of 18a as a white solid. 
Mp: 157-159 °C. 1H NMR (400MHz, DMSO-d6):  12.4(1H, brs), 7.73-7.71(3H, m), 7.64-7.57(3H, 
m), 7.38(1H, s), 7.10(1H, d, J=9.0 Hz), 4.88(1H, brs), 4.25(2H, s), 4.08(2H, t, J=5.2 Hz), 3.85(3H, 
s), 3.76(2H, t, J=4.9 Hz). 13C-NMR (100MHz, CDCl3): δ 164.2, 158.8, 153.4, 148.2, 140.3, 134.7, 
131.9, 131.2, 130.9, 129.2, 125.4, 125.2, 124.6, 123.8, 121.3, 113.1, 110.7, 70.8, 61.1, 56.0, 32.8. 
MS (ESI) m/z: 453 (M+H)+. Anal. Calcd. for C21H19F3N2O2S: C, 55.74; H, 4.23; N, 6.19; F, 12.60; 
S, 7.09. Found: C, 55.54; H, 4.33; N, 6.14; F, 12.79; S, 7.08. 
 
4-(Carboxymethoxy)-3-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide (20a). 
1) 3-Methoxy-4-(2-methoxy-2-oxo-ethoxy)benzoic acid (19a). 
A solution of 4-hydroxy-3-methoxybenzoic acid (13a, 11.1 g, 66.0 mmol) and benzylbromide 
(8.61 mL, 67.3 mmol) in DMF (110 mL) was added Na2CO3 (7.00 g, 66.0 mmol) at 0 °C. The 
mixture was stirred at room temperature over night, and heated at 70 °C for 7 h. The reaction 
mixture was diluted with water and extracted with EtOAc. The organic layer was washed with 
brine, dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 
(hexane/EtOAc) gave benzyl 4-hydroxy-3-methoxybenzoate as a yellow oil (5.60 g, 33 %). 
1H NMR (400MHz, CDCl3): δ 7.69(1H, dd, J=8.4, 1.8 Hz), 7.59(1H, d, J=1.9 Hz), 7.46-7.44(2H, 
m), 7.42-7.35(3H, m), 6.94(1H, d, J=8.2 Hz), 6.04(1H, brs), 5.35(2H, s), 3.94(3H, s). MS (ESI) 
m/z: 257 (M-H)+. 
To a solution of benzyl 4-hydroxy-3-methoxybenzoate (3.53 g, 13.7 mmol) in acetone (70 mL) 
was added methyl bromoacetate (3.23 mL, 34.2 mmol) and K2CO3 (7.57 g, 54.8 mmol) at 0 °C, 
and the mixture was refluxed for 5 h. After cooling, the reaction mixture was diluted with water, 
and extracted with EtOAc. The organic layer was washed with brine, dried over Na2SO4, and 
concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave benzyl 
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3-methoxy-4-(2-methoxy-2-oxo-ethoxy)benzoate as a colorless solid (4.18 g, 92 %). 
1H NMR (400MHz, CDCl3): δ 7.69(1H, dd, J=8.6, 2.0 Hz), 7.62(1H, d, J=2.0 Hz), 7.46-7.44(2H, 
m), 7.42-7.35(3H, m), 6.79(1H, d, J=8.6 Hz), 5.36(2H, s), 4.77(2H, s), 3.94(3H, s), 3.80(3H, s). 
MS (ESI) m/z: 331 (M+H)+. 
A mixture of benzyl 3-methoxy-4-(2-methoxy-2-oxo-ethoxy)benzoate (3.67 g, 15.3 mmol) and 
Pd/C (10 wt%, 367 mg) in EtOH (50 mL), EtOAc (10 mL), CH2Cl2 (5.0 mL) and water (3.0 mL) 
was stirred under H2 atmosphere at room tempreture for 11 h. The catalyst was filtered off and the 
filtrate was concentrated in vacuo. The residue was washed with iPr2O and MeOH to give 19a as a 
colorless solid (1.31 g, 49 %). 
1H NMR (400MHz, DMSO-d6): δ 7.49(1H, dd, J=8.6, 2.0 Hz), 7.46(1H, d, J=2.0 Hz), 6.94(1H, d, 
J=8.6 Hz), 4.87(2H, s), 3.80(3H, s), 3.68(3H, s), 3.29(1H, brs). MS (ESI) m/z: 239 (M-H)+. 
2) 4-(Carboxymethoxy)-3-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide  
(20a). 
Using 19a (102 mg 0.426 mmol) and 9a (100 mg, 0.387 mmol), the same procedure as the 
preparation of 7a was performed to give the amide (91.3 mg, 49%). Then to a solution of the 
amide (88.9 mg, 0.185 mmol) in dioxane (2.0 mL) and MeOH (2.0 mL) was added 1N NaOH 
(0.20 mL), and the mixture was stirred at 90 °C for 0.5 h. After cooling, the reaction mixture was 
acidified with 1N HCl, and extracted with EtOAc. The organic layer was washed with brine, dried 
over Na2SO4, and concentrated. The solids obtained were collected by filtration using CH2Cl2 to 
give 20a as a colorless solid (87.7 mg, quantitative yield). 
Mp: 236 °C. 1H NMR (500MHz, DMSO-d6): δ 7.70(1H, d, J=1.9 Hz), 7.66-7.56(5H, m), 7.36(1H, 





Using 3-hydroxy-4-methoxybenzoic acid (13b, 5.41 g, 32.2 mmol), the same procedure as the 
preparation of 19a was performed to give 19b (811 mg, 12%, 3 steps). Using 19b (71.8 mg 0.421 
mmol) and 9a (100 mg, 0.387 mmol), the same procedure as the preparation of 20a was performed 
to give 20b as a colorless solid (63.5 mg, 76 %). 
Mp: 242-244 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.72(1H, dd, J=8.8, 2.1 Hz), 
7.66(1H, s), 7.61-7.54(4H, m), 7.35(1H, s), 7.10(1H, d, J=8.6 Hz), 4.76(2H, s), 4.22(2H, s), 
3.84(3H, s). MS (ESI) m/z: 467 (M+H)+. 
3-Methoxy-4-(2-morpholin-4-yl-ethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (23).  
1) 3-Methoxy-4-(2-morpholin-4-yl-ethoxy)benzoic acid (22). 
To a solution of methyl 4-hydroxy-3-methoxybenzoate (21, 2.53 g, 13.9 mmol) in cyclohexanone 
(50 mL) was added KI (1.15 g, 6.95 mmol), K2CO3 (3.84g, 27.8 mmol) and 2-bromoethanol (2.46 
mL, 34.7 mmol) at 0 °C, and refluxed for 3 h. The reaction mixture was filtrated, and the filtrate 
was concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave 
4-(2-hydroxyethoxy)-3-methoxybenzoic acid methyl ester (2.41 g, 77 %). 
1H NMR(500MHz, CDCl3): δ 7.66(1H, dd, J=8.3, 2.0 Hz), 7.56(1H, d, J=2.0 Hz), 6.92(1H, d, 
J=8.3 Hz), 4.18(2H, t, J=4.4 Hz), 4.02-3.98(2H, m), 3.92(3H, s), 3.90(3H, s), 2.37(1H, t, J=6.3 
Hz). 
A solution of 4-(2-hydroxyethoxy)-3-methoxybenzoic acid the methyl ester (1.01 g, 4.45 mmol), 
MsCl (0.41 mL, 5.34 mmol), Et3N (1.3 mL, 8.89 mmol) in THF (30 mL) was stirred at room 
temperature for 0.5 h. The reaction mixture was diluted with EtOAc, washed with brine, dried over 
Na2SO4, and concentrated. The residue was stirred with hexane, and the solids were collected by 
filtration to give methyl 3-methoxy-4-(2-methylsulfonylethoxy)benzoate (1.66 g, quantitative 
yield). 
1H NMR (400MHz, CDCl3): δ 7.67(1H, dd, J=8.0, 1.7 Hz), 7.58(1H, d, J=2.0 Hz), 6.90(1H, d, 
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J=8.3 Hz), 4.65(2H, t, J=4.5 Hz), 4.34(2H, t, J=4.5 Hz), 3.91(3H, s), 3.90(3H, s), 3.16(3H, s). 
A mixture of methyl 3-methoxy-4-(2-methylsulfonylethoxy)benzoate (304 mg, 1.00 mmol), 
morphorine (0.11 mL, 1.20 mmol) and K2CO3 (276 mg, 2.00 mmol) in CH3CN (10 mL) was 
refluxed for 20 h. The reaction mixture was diluted with EtOAc, washed with brine, dried over 
Na2SO4, and concentrated. Chromatography of the residue on SiO2 (CH2Cl2/EtOAc) gave 
3-methoxy-4-(2-morpholin-4-yl-ethoxy)benzoic acid methyl ester as a yellow solid (185 mg, 
63 %). 
1H NMR (400MHz, CDCl3): δ 7.67(1H, dd, J=8.4, 2.2 Hz), 7.56(1H, d, J=2.0 Hz), 6.91(1H, d, 
J=8.6 Hz), 4.22(2H, t, J=5.9 Hz), 3.91(3H, s), 3.90(3H, s), 3.74(4H, t, J=4.7 Hz), 2.87(2H, t, J=6.0 
Hz), 2.60(4H, t, J=4.7 Hz). 
To a solution of 3-methoxy-4-(2-morphorin-4-yl-ethoxy)benzoic acid methyl ester (185 mg, 0.626 
mmol) in THF (6.0 mL) and MeOH (3.0 mL) was added 1N NaOH (1.0 mL) and stirred at room 
temperature for 5 days. To complete the reaction, the mixture was added 1N NaOH (0.50 mL), 
stirred at room temperature for 1 day, and concentrated in vacuo. The residue was acidified with 
1N HCl, and evaporated. Chromatography of the residue on SiO2 (CH2Cl2/MeOH) gave 161 mg 
(92 %) of 22 as a colorless solid. 
1H NMR (400MHz, DMSO-d6): δ 7.52(1H, d, J=7.8 Hz), 7.43(1H, s), 7.05(1H, d, J=8.2 Hz), 
4.12(2H, t, J=5.7 Hz), 3.78(3H, s), 3.55(4H, brs), 3.30(4H, brs), 2.69(2H, t, J=5.5 Hz). 
2) 3-Methoxy-4-(2-morpholin-4-yl-ethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (23). 
Using 22 (161 mg 0.572 mmol) and 9a (148 mg, 0.572 mmol), the same procedure as the 
preparation of 7a was performed to give 23 as a pale yellow solid (84.0 mg, 28 %). 
Mp: 122-124 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.72-7.68(3H, m), 7.64-7.58(3H, 
m), 7.37(1H, s), 7.12(1H, d, J=9.0 Hz), 4.25(2H, s), 4.16(2H, t, J=5.9 Hz), 3.84(3H, s), 3.58(4H, t, 




Using 1-fluoro-3-iodobenzene (10.0 g, 45.1 mmol), the same procedure as the preparation of 9a 
was performed to give 5-(3-fluorobenzyl)thiazol-2-ylamine (9b) as a off-white solid (3.70 g, 
39 %). 
1H NMR (400MHz, CDCl3): δ 7.30-7.24(1H, m), 7.01(1H, d, J=7.4 Hz), 6.95-6.91(2H, m), 
6.83(1H, t, J=1.2 Hz), 4.77(2H, brs), 3.97(2H, s). MS (ESI) m/z: 209 (M+H)+. 
Using 9b (103 mg, 0.494 mmol) and 17 (161 mg, 0.544 mmol), the same procedure as the 
preparation of 18a was performed to give 18b as a colorless solid (84.9 mg, 78 %). 
Mp: 160-162 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.72-7.70(2H, m), 7.41-7.33(2H, 
m), 7.15-7.05(4H, m), 4.88(1H, t, J=5.4 Hz), 4.14(2H, s), 4.07(2H, t, J=5.2 Hz), 3.84(3H, s), 
3.75(2H, dt, J=5.4, 5.2 Hz). MS (ESI) m/z: 403 (M+H)+. 
 
3-(2-Hydroxyethoxy)-4-methoxy-N-[5-(3-chlorobenzyl)thiazol-2-yl]benzamide (18c). 
Using 1-chloro-3-iodobenzene (10.0 g, 42.1 mmol), the same procedure as the preparation of 9a 
was performed to give 5-(3-chlorobenzyl)thiazol-2-ylamine (9c) as a pale yellow solid (4.70 g, 
50 %). 
1H NMR (400MHz, CDCl3): δ 7.25-7.21(3H, m), 7.11(1H, d, J=7.0 Hz), 6.83(1H, t, J=1.2 Hz), 
4.79(2H, brs), 3.95(2H, s). MS (ESI) m/z: 225 (M+H)+. 
Using 9c (99.3 mg, 0.442 mmol) and 17 (144 mg, 0.486 mmol), the same procedure as the 
preparation of 18a was performed to give 18c as a colorless solid (90.0 mg, 49 %). 
Mp: 169-171 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.72(1H, s), 7.71(1H, d, J=7.1 
Hz), 7.38-7.35(2H, m), 7.31-7.26(3H, m), 7.07(1H, d, J=8.9 Hz), 4.88(1H, t, J=5.3 Hz), 4.12(2H, 




Using 1-tert-butyl-3-iodobenzene (2.49 g, 9.57 mmol), the same procedure as the preparation of 9a 
was performed to give 5-(3-tert-butylbenzyl)thiazol-2-ylamine (9d) as a pale yellow solid (1.22 g, 
52 %). 
1H NMR (400MHz, CDCl3): δ 7.27-7.24(3H, m), 7.04(1H, d, J=7.0 Hz), 6.80(1H, s), 4.71(2H, brs), 
3.96(2H, s), 1.31(9H, s). MS (ESI) m/z: 247 (M+H)+. 
Using 9d (166 mg, 0.472 mmol) and 17 (154 mg, 0.519 mmol), the same procedure as the 
preparation of 18a was performed to give 18d as a colorless solid (93.6 mg, 45 %). 
Mp: 150 °C. 1H NMR (500MHz, CDCl3): δ 7.50(1H, dd, J=8.3, 1.9 Hz), 7.46(1H, d, J=1.9 Hz), 
7.27-7.22(3H, m), 7.05(1H, d, J=6.8 Hz), 7.03(1H, s), 6.86(1H, d, J=8.3 Hz), 4.13(2H, t, J=4.4 




Using 1-iodo-3-(trifluoromethoxy)benzene (5.04 g, 17.5 mmol), the same procedure as the 
preparation of 9a was performed to give 5-(3-trifluoromethoxybenzyl)thiazol-2-ylamine (9e) as a 
colorless solid (1.50 g, 31 %). 
1H NMR (400MHz, CDCl3): δ 7.33(1H, dd, J=8.0, 8.0 Hz), 7.16(1H, d, J=7.4 Hz), 7.09(1H, d, 
J=9.0 Hz), 7.08(1H, s), 6.82(1H, t, J=1.2 Hz), 4.80(2H, brs), 3.99(2H, s). MS (ESI) m/z: 275 
(M+H)+. 
Using 9e (112 mg, 0.407 mmol) and 17 (133 mg, 0.448 mmol), the same procedure as the 
preparation of 18a was performed to give 18e as a colorless solid (69.1 mg, 36 %). 
Mp: 158-159 °C. 1H NMR (500MHz, DMSO-d6): δ 12.4(1H, brs), 7.70(1H, s), 7.69(1H, d, J=8.3 
Hz), 7.46(1H, t, J=8.0 Hz), 7.32(1H, d, J=7.8 Hz), 7.27-7.22(3H, m), 7.04(1H, d, J=8.3 Hz), 
4.87(1H, t, J=5.6 Hz), 4.15(2H, s), 4.05(2H, t, J=5.1 Hz), 3.82(3H, s), 3.75(2H, dt, J=5.6, 5.1 Hz). 
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13C-NMR (100MHz, DMSO-d6): δ 165.5, 151.6, 148.4, 147.4, 143.6, 134.8, 130.3, 128.3, 127.5, 




Using 1,4-dichloro-2-iodobenzene(10.0 g, 36.6 mmol), the same procedure as the preparation of 
9a was performed to give 5-(2,5-dichlorobenzyl)thiazol-2-ylamine (9f) as a pale yellow solid (3.21 
g, 34 %). 
1H NMR (400MHz, CDCl3): δ 7.30(1H, d, J=8.6 Hz), 7.22(1H, d, J=2.4 Hz), 7.16(1H, dd, J=8.6, 
2.4 Hz), 6.84(1H, t, J=1.2 Hz), 4.81(2H, brs), 4.04(2H, s). MS (ESI) m/z: 258 M+. 
Using 9f (108 mg, 0.415 mmol) and 17 (135 mg, 0.456 mmol), the same procedure as the 
preparation of 18a was performed to give 18f as a colorless solid (110 mg, 58 %). 
Mp: 210-211 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.71(1H, d, J=8.9 Hz), 7.71(1H, 
s), 7.57(1H, d, J=2.7 Hz), 7.52(1H, d, J=8.6 Hz), 7.39(1H, dd, J=8.6, 2.7 Hz), 7.34(1H, s), 
7.10(1H, d, J=8.9 Hz), 4.89(1H, t, J=5.2 Hz), 4.22(2H, s), 4.07(2H, t, J=5.0 Hz), 3.84(3H, s), 
3.75(2H, dt, J=5.2, 5.0 Hz). MS (ESI) m/z: 453 (M+H)+. 
 
3-(2-Hydroxyethoxy)-4-methoxy-N-[5-(3,5-dichlorobenzyl)thiazol-2-yl]benzamide (18g). 
Using 1,3-dichloro-5-iodobenzene (5.23 g, 19.2 mmol), the same procedure as the preparation of 
9a was performed to give 5-(3,5-dichlorobenzyl)thiazol-2-ylamine (9g) as a pale yellow solid (706 
mg, 14 %). 
1H NMR (500MHz, CDCl3): δ 7.23(1H, dd, J=1.9, 2.0 Hz), 7.10(2H, d, J=1.5 Hz), 6.84(1H, s), 
4.80(2H, brs), 3.92(2H, s). MS (ESI) m/z: 259 (M+H)+. 
Using 9g (193 mg, 0.746 mmol) and 17 (221 mg, 0.746 mmol), the same procedure as the 
preparation of 18a was performed to give 18g as a colorless solid (155 mg, 34 %).. 
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Mp: 174-175 °C. 1H NMR (400MHz, CDCl3): δ 10.3(1H, brs), 7.51(1H, dd, J=8.4, 1.0 Hz), 
7.50(1H, s), 7.24(1H, d, J=1.0 Hz), 7.13(2H, d, J=6.7 Hz), 7.13(1H, s), 6.92(1H, d, J=8.4 Hz), 




Using 1,3-difluoro-5-iodobenzene(5.10 g, 20.6 mmol), the same procedure as the preparation of 9a 
was performed to give 5-(3,5-difluorobenzyl)thiazol-2-ylamine (9h) as a colorless solid (1.76 g, 
38 %). 
1H NMR (500MHz, CDCl3): δ 6.84(1H, s), 6.74(2H, dd, J=7.8, 1.9 Hz), 6.70-6.65(1H, m), 
4.78(2H, brs), 3.95(2H, s). MS (ESI) m/z: 227 (M+H)+. 
Using 9h (106 mg, 0.467 mmol) and 17 (138 mg, 0.467 mmol), the same procedure as the 
preparation of 18a was performed to give 18h as a colorless solid (50.2 mg, 26 %). 
Mp: 175-176 °C. 1H NMR(400MHz, DMSO-d6): δ 12.4(1H, brs), 7.73-7.71(2H, m), 7.35(1H, s), 
7.13-7.04(4H, m), 4.89(1H, t, J=5.5 Hz), 4.15(2H, s), 4.07(2H, t, J=5.2 Hz), 3.84(3H, s), 3.76(2H, 




Using 1-iodo-3,5-bis(trifluoromethyl)benzene (5.07 g, 14.9 mmol), the same procedure as the 
preparation of 9a was performed to give 5-[3,5-bis(trifluoromethyl)benzyl]thiazol-2-ylamine (9i) 
as a colorless solid (114 mg, 2.4 %). 
1H NMR (500MHz, CDCl3): δ 7.76(1H, s), 7.67(2H, s), 6.87(1H, t, J=1.0 Hz), 4.82(2H, brs), 
4.10(2H, s). MS (ESI) m/z: 327 (M+H)+. 
Using 9i (116 mg, 0.355 mmol) and 17 (105 mg, 0.355 mmol), the same procedure as the 
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preparation of 18a was performed to give 18i as a colorless solid (75.6 mg, 41 %). 
Mp: 172-173 °C. 1H NMR (400MHz, CDCl3): δ 10.3(1H, brs), 7.79(1H, s), 7.71(2H, s), 
7.53-7.48(2H, m), 7.17(1H, s), 6.91(1H, d, J=8.6 Hz), 4.24(2H, s), 4.17(2H, t, J=4.4 Hz), 4.02(2H, 




Using 1-fluoro-4-iodo-2-(trifluoromethyl)benzene (4.91 g, 16.9 mmol), the same procedure as the 
preparation of 9a was performed to give 5-(4-fluoro-3-trifluoromethylbenzyl)thiazol-2-ylamine 
(9j) as a colorless solid (1.63 g, 35 %). 
1H NMR (400MHz, CDCl3): δ 7.45(1H, dd, J=6.6, 2.0 Hz), 7.41-7.37(1H, m), 7.14(1H, t, J=9.2 
Hz), 6.82(1H, s), 4.82(2H, brs), 3.99(2H, s). MS (ESI) m/z: 277 (M+H)+. 
Using 9j (115 mg, 0.416 mmol) and 17 (136 mg, 0.457 mmol), the same procedure as the 
preparation of 18a was performed to give 18j as a colorless solid (91.0 mg, 47 %). 
Mp: 156-157 °C. 1H NMR (500MHz, DMSO-d6): δ 12.4(1H, brs), 7.74-7.66(4H, m), 7.48(1H, t, 
J=9.8 Hz), 7.35(1H, s), 7.09(1H, d, J=8.7 Hz), 4.88(1H, t, J=5.4 Hz), 4.22(2H, s), 4.07(2H, t, 
J=5.4 Hz), 3.84(3H, s), 3.75(2H, dt, J=5.4, 5.4 Hz). 13C-NMR (100MHz, DMSO-d6): δ 164.3, 
158.6, 157.6, 152.4, 147.7, 137.7, 135.2, 135.0, 130.1, 126.8, 124.2, 122.0, 117.5, 117.3, 116.4, 
111.9, 111.2, 70.2, 59.4, 55.6, 30.6. MS (ESI) m/z: 471 (M+H)+. Anal. Calcd. for C21H18F4N2O4S･




Using 2-chloro-1-fluoro-4-iodobenzene(5.04 g, 19.3 mmol), the same procedure as the preparation 
of 9a was performed to give 5-(3-chloro-4-fluorobenzyl)thiazol-2-ylamine (9k) as a off-white 
88 
solid (2.00 g, 43 %). 
1H NMR (400MHz, CDCl3): δ 7.26(1H, d, J=7.6 Hz), 7.08(1H, dd, J=7.6, 1.0 Hz), 7.08(1H, s), 
6.82(1H, t, J=0.9 Hz), 4.81(2H, brs), 3.92(2H, s). MS (ESI) m/z: 243 (M+H)+. 
Using 9k (115 mg, 0.473 mmol) and 17 (140 mg, 0.473 mmol), the same procedure as the 
preparation of 18a was performed to give 18k as a colorless solid (107 mg, 52 %). 
Mp: 152-153 °C. 1H NMR (400MHz, CDCl3): δ 10.9(1H, brs), 7.52(1H, dd, J=8.6, 2.0 Hz), 
7.46(1H, d, J=2.0 Hz), 7.47-7.46(1H, m), 7.13-7.05(2H, m), 7.01(1H, s), 6.88(1H, d, J=8.6 Hz), 
4.14(2H, t, J=4.7 Hz), 4.04(2H, s), 4.02(2H, t, J=4.7 Hz), 3.87(3H, s), 2.95(1H, brs). 13C-NMR 
(100MHz, CDCl3): δ 164.6, 159.4, 157.0, 153.2, 148.1, 136.4, 134.4, 130.9, 130.5, 128.1, 124.7, 
121.5, 121.1, 116.7, 113.0, 110.6, 70.7, 61.0, 56.0, 31.9. MS (ESI) m/z: 437 (M+H)+. 
 
3-(2-Hydroxyethoxy)-4-methoxy-N-[5-(3,4-difluorobenzyl)thiazol-2-yl]benzamide (18l). 
Using 1,2-difluoro-4-iodobenzene(3.71 g, 15.4 mmol), the same procedure as the preparation of 9a 
was performed to give 5-(3,4-difluorobenzyl)thiazol-2-ylamine (9l) as a colorless solid (1.61 g, 
46 %). 
1H NMR (400MHz, CDCl3): δ 7.12-7.00(2H, m), 6.95-6.92(1H, m), 6.81(1H, t, J=1.2 Hz), 
4.80(2H, brs), 3.92(2H, s). MS (ESI) m/z: 227 (M+H)+. 
Using 9l (118 mg, 0.521 mmol) and 17 (154 mg, 0.521 mmol), the same procedure as the 
preparation of 18a was performed to give 18l as a colorless solid (88.3 mg, 40 %). 
Mp: 163-164 °C. 1H NMR (400MHz, CDCl3): δ 10.5(1H, brs), 7.53-7.49(2H, m), 7.13-7.02(3H, 
m), 6.98-6.96(1H, m), 6.90(1H, d, J=8.6 Hz), 4.15(2H, t, J=4.5 Hz), 4.05(2H, s), 4.01(2H, brs), 
3.90(3H, s), 2.72(1H, brs). MS (ESI) m/z: 421 (M+H)+. 
 
3-(2-Hydroxyethoxy)-4-methoxy-N-[5-(3,4-dichlorobenzyl)thiazol-2-yl]benzamide (18m). 
Using 1,2-dichloro-4-iodobenzene (5.00 g, 18.3 mmol), the same procedure as the preparation of 
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9a was performed to give 5-(3,4-dichlorobenzyl)thiazol-2-ylamine (9m) as a pale yellow solid 
(1.41 g, 30 %). 
1H NMR (400MHz, CDCl3): δ 7.37(1H, d, J=8.2 Hz), 7.31(1H, d, J=2.0 Hz), 7.06(1H, dd, J=8.2, 
2.0 Hz), 6.82(1H, s), 4.86(2H, brs), 3.92(2H, s). MS (ESI) m/z: 259 (M+H)+. 
Using 9m (106 mg, 0.408 mmol) and 17 (121 mg, 0.408 mmol), the same procedure as the 
preparation of 18a was performed to give 18m as a colorless solid (90.0 mg, 49 %). 
Mp: 181-182 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.72(1H, s), 7.71(1H, d, J=7.5 
Hz), 7.28(1H, s), 7.23(1H, t, J=8.0 Hz), 7.09-7.01(3H, m), 4.87(1H, t, J=5.4 Hz), 4.08(2H, s), 





Using 2-fluoro-4-iodo-1-methylbenzene (5.16 g, 21.6 mmol), the same procedure as the 
preparation of 9a was performed to give 5-(3-fluoro-4-methylbenzyl)thiazol-2-ylamine (9n) as a 
colorless solid (1.24 g, 26 %). 
1H NMR (400MHz, DMSO-d6): δ 7.20(1H, t, J=8.0 Hz), 6.96(2H, t, J=7.2 Hz), 6.70(1H, d, J=1.1 
Hz), 3.87(2H, s), 2.19(3H, d, J=1.6 Hz). MS (ESI) m/z: 223 (M+H)+. 
Using 9n (103 mg, 0.461 mmol) and 17 (137 mg, 0.461 mmol), the same procedure as the 
preparation of 18a was performed to give 18n as a colorless solid (95.1 mg, 50 %). 
Mp: 181-182 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.72(1H, s), 7.71(1H, d, J=7.5 
Hz), 7.28(1H, s), 7.23(1H, t, J=8.0 Hz), 7.09-7.01(3H, m), 4.87(1H, t, J=5.4 Hz), 4.08(2H, s), 






1) Ethyl 2-[3,5-bis(trifluoromethyl)benzyl]thiazol-5-yl]carboxylate (26). 
To a solution of NaOEt (20 wt% in EtOH, 18.5 mL, 47.3 mmol) in Et2O (40 mL) was slowly 
added a solution of ethyl chloroacetate (5.0 mL, 47.3 mmol) and ethyl formate (4.23 mL, 52.4 
mmol) in Et2O at 0 °C. The mixture was stirred at room temperature over night. After filtration, the 
filtrate was acidified with 2N HCl, and extracted with Et2O. The organic layer was washed with 
brine, dried over Na2SO4, and concentrated to give the acetate (25) as a brown oil (2.25 g). 25 (860 
mg, 2.86 mmol) was added to a solution 2-[3,5-bis(trifluoromethyl)phenyl]thioacetamide (24, 410 
mg, 1.43 mmol) in toluene (4.0 mL). The mixture was refluxed for 5 h, and concentrated in vacuo. 
The residue was subjected to column chromatography (hexane/EtOAc) to give 26 as a yellow oil 
(532 mg, 97 %). 
1H NMR (400MHz, CDCl3): δ 8.32(1H, s), 7.82(1H, s), 7.79(2H, s), 7.79(2H, s), 4.36(2H, q, J=7.0 
Hz), 1.36(3H, t, J=7.0 Hz). MS (ESI) m/z: 384 (M+H)+. 
2) 2-[3,5-Bis(trifluoromethyl)benzyl]thiazol-5-yl]amine (27). 
A mixture of 26 (260 mg, 0.620 mmol) and 1N NaOH (1.0 mL) in dioxane (3.0 mL) was stirred at 
60 °C for 0.5 h. The mixture was acidified with 10 % citric acid (aq), and extracted with EtOAc. 
The organic layer was washed with brine, dried over Na2SO4, and concentrated. The solids were 
collected by filtration using iPr2O and hexane to give 2-[3,5-bis(trifluoromethyl)benzyl]thiazol-5- 
yl]carbonic acid as a pale yellow solid (206 mg, 94 %). 
1H NMR (400MHz, DMSO-d6): δ 8.25(1H, s), 8.13(2H, s), 8.03(1H, s), 4.64(2H, s). MS (ESI) 
m/z: 354 (M-H)+. 
To a solution of 2-[3,5-bis(trifluoromethyl)benzyl]thiazol-5-yl]carbonic acid (206 mg, 0.580 
mmol) in tert-BuOH (5 mL) was added Et3N (0.090 mL, 0.640 mmol) and then DPPA (0.13 mL, 
0.64 mmol) at room temperature, and the mixture was stirred at 80 °C for 22 h. To complete the 
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reaction, an additional amount of Et3N (0.040 mL, 0.320 mmol) and DPPA (0.070 mL, 0.320 
mmol) were added. The mixture was stirred at 80 °C over night, cooled at 0 °C, diluted with 
EtOAc and saturated aqueous NaHCO3, and stirred at room temperature for 1 h. The organic layer 
was extracted with EtOAc, washed with brine, dried over Na2SO4, and concentrated to give 
tert-butyl 2-[3,5-bis(trifluoromethyl)benzyl]thiazol-5-yl]carbamate as a brown oil (100 mg, 40 %).  
MS (ESI) m/z: 427 (M+H)+. 
To a solution of tert-butyl 2-[3,5-bis(trifluoromethyl)benzyl]thiazol-5-yl]carbamate (79.0 mg, 
0.184 mmol) in CH2Cl2 (2.0 mL) was added trifluoroacetic acid (1.0 mL). The mixture was stirred 
at room temperature for 1 h and concentrated in vacuo. The residue was basified with saturated 
aqueous NaHCO3, and extracted with EtOAc, washed with brine, dried over Na2SO4, and 
concentrated to give 27 as a brown oil (63.1 mg, quantitative yield). 
1H NMR (400MHz, CDCl3): δ 7.72(2H, s), 7.57(1H, s), 6.96(1H, s), 4.27(2H, s), 3.71(2H, brs). 
MS (ESI) m/z: 327 (M+H)+. 
3) 3-(2-Hydroxyethoxy)-4-methoxy-N-[2-[3,5-bis(trifluoromethyl)benzyl]thiazol-5-yl] 
benzamide (28). 
Using 27 (63.1 mg, 0.184 mmol) 17 (60.0 mg, 0.202 mmol), the same procedure as the preparation 
of 18a was performed to give 28 as a brown solid (6.0 mg, 6 %). 
Mp: 177-179 °C. 1H NMR (500MHz, DMSO-d6): δ 11.5(1H, s), 8.09(2H, s), 8.02(1H, s), 7.63(1H, 
dd, J=8.3, 2.0 Hz), 7.59(1H, s), 7.56(1H, d, J=2.0 Hz), 7.12(1H, d, J=8.8 Hz), 4.89(1H, t, J=5.4 





1) 2-(3-Trifluoromethylbenzyl)thiophene (29). 
92 
To a solution of thiophene (1.76 mL, 22.0 mmol) in THF (40 mL) was added n-BuLi (2.71 mol/L 
in hexane, 7.75 mL, 21.0 mmol) at -78 °C. The mixture was stirred at -78 °C for 0.5 h, and then 
allowed up to -15 °C slowly. Then 3-(trifluoromethyl)benzaldehyde (2.66 mL, 20.0 mmol) was 
added to the mixture slowly at -60 °C. The mixture was stirred at room temperature for 5 h, and 
diluted with aqueous NH4Cl and EtOAc, and added aqueous NaHCO3. The organic layer was 
washed with brine, dried over Na2SO4, and concentrated. The residue was subjected to column 
chromatography (hexane/EtOAc) to give 2-thienyl-[3-(trifluoromethyl)phenyl]methanol as a 
yellow oil (5.05 g, 98 %) . 
1H NMR (500MHz, CDCl3): δ 7.75(1H, s), 7.63(1H, d, J=7.3 Hz), 7.57(1H, d, J=7.8 Hz), 7.49(1H, 
dd, J=7.8, 7.8 Hz), 7.30(1H, dd, J=5.1, 1.2 Hz), 6.96(1H, dd, J=5.4, 3.4 Hz), 6.92(1H, d, J=3.4 Hz), 
6.13(1H, d, J=3.9 Hz), 2.47(H, d, J=3.9 Hz). MS (EI) m/z: 258 (M+H)+. 
To a solution of NaI (5.37 g, 35.8 mmol) in CH3CN (9.0 mL) was added TMSCl (4.54 mL, 35.8 
mmol) at room temperature. After 15 min, a solution of 2-thienyl-[3-(trifluoromethyl)phenyl] 
Methanol (1.99g, 7.71 mmol) in CH3CN was added at 0 °C. The mixture was stirred at 0 °C for 15 
min, added 2N NaOH (13.5 mL), and extracted with EtOAc. The organic layer was washed with 
brine, dried over Na2SO4, and concentrated. The residue was subjected to column chromatography 
(hexane/EtOAc) to give 29 as a yellow oil (1.63 g, 87 %). 
1H NMR (400MHz, CDCl3): δ 7.51-7.49(2H, m), 7.43-7.42(2H, m), 7.18(1H, dd, J=5.1, 1.2 Hz), 
6.96-6.94(1H, m), 6.82-6.81(1H, m), 4.22(2H, s). MS (EI) m/z: 242 (M+H)+. 
2) 2-Nitro-5-(3-trifluoromethylbenzyl]thiophene (30). 
To a solution of 29 (702 mg, 2.90 mmol) in Ac2O (9.0 mL) was added Cu(NO3)2･2H2O (700 mg, 
2.90 mmol) at 0 °C, and stirred for 1.5 h. The mixture was poured onto ice, and stirred for 1 h. The 
water layer was decanted, and the residue was diluted with EtOAc. The organic layer was washed 
with brine, dried over Na2SO4, and concentrated. The residue was subjected to column 
chromatography (hexane/EtOAc) to give 30 as a yellow oil (689 mg, 83 %) . 
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1H NMR (400MHz, CDCl3): δ 7.79(1H, d, J=3.9 Hz), 7.59-7.43(4H, m), 6.79(1H, dd, J=5.1, 0.8 
Hz), 4.22(2H, s). MS (EI) m/z: 286 (M+H)+. 
3) 3-(2-Hydroxyethoxy)-4-methoxy-N-[5-[3,5-bis(trifluoromethyl)benzyl]thiophen-2-yl] 
benzamide (31). 
To a solution of 30 (152 mg, 0.529 mmol) in isopropylalcohol (10 mL) and 1N HCl (5.0 mL) was 
added Zinc powder (692 mg, 10.6 mmol) at room temperature. The mixture was stirred for 0.5 h, 
and added saturated aqueous NaHCO3. Then the mixture was stirred for 10 min, and filtrated 
through a pad of Celite. The filtrate was extracted with EtOAc, washed with brine, dried over 
Na2SO4, and concentrated. The residue was dissolved in DMA (2.0 mL), and by using 17 (157 mg, 
0.529 mmol) the same procedure as the preparation of 18a was performed to give 31 as a yellow 
solid (19.0 mg, 8 %). 
Mp: 174-176 °C. 1H NMR (500MHz, DMSO-d6): δ 11.2(1H, brs), 7.63-7.53(6H, m), 7.09(1H, d, 
J=8.7 Hz), 6.72(1H, d, J=3.9 Hz), 6.70(1H, d, J=3.9 Hz), 4.89(1H, t, J=5.4 Hz), 4.18(2H, s), 




1) 5-(3-Trifluoromethylbenzyl)-[1,3,4]thiadiazol-2-ylamine (33) 
A mixture of (,,-trifluoro-m-tolyl)acetic acid (32, 1.15 g, 6.12 mmol), thiosemicarbazide (1.15 
g, 12.6 mmol), BOP reagent (3.24 g, 7.33 mmol), and Et3N (1.7 mL, 12 mmol) in anhydrous THF 
(20 mL) was stirred at room temperature for 20 h. The reaction mixture was concentrated, diluted 
with H2O, and extracted with EtOAc. The organic layers were washed with saturated aqueous 
NaHCO3 and brine, dried over Na2SO4, and concentrated. The off-white solid thus obtained (1.72 
g) was mixed with methanesulfonic acid (0.48 mL, 7.4 mmol) and toluene (20 mL). The 
suspension was heated to reflux for 4 h and cooled to room temperature. The reaction mixture was 
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diluted with EtOAc, washed with saturated aqueous NaHCO3 and brine, dried over Na2SO4, and 
concentrated. Chromatography of the residue on SiO2 (CH2Cl2/MeOH) gave 33 as a colorless solid 
(760 mg, 48 %). 




A solution of 33 (100 mg, 0.386 mmol), 17 (83.0 mg, 0.390 mmol), HATU (178 mg, 0.468 mmol), 
and Et3N (0.090 mL, 0.65 mmol) in DMA (2.0 mL) was stirred at room temperature for 4 days. 
After work-up, the crude product was purified by chromatography on SiO2 (CH2Cl2/MeOH) and 
subsequent recrystallization (2-PrOH) to give 34 as a colorless solid (29.0 mg, 17 %). 
Mp: 198-200 °C. 1H NMR (400MHz, DMSO-d6): δ 12.8(1H, brs), 7.76(3H, d, J=9.8 Hz), 7.68(2H, 
dd, J=8.1, 8.1 Hz), 7.61(1H, dd, J=7.8, 7.8 Hz), 7.62(1H, d, J=7.9 Hz), 4.88(1H, t, J=5.2 Hz), 





1) 4-Methoxy-3-[2-(tetrahydropyran-2-yloxy)propoxy]benzoic acid (35). 
Using methyl 4-hydroxy-3-methoxybenzoate (16, 4.02 g, 22.1 mmol) and 2-(3-bromopropoxy) 
tetrahydro-2H-pyran (5.11 g, 22.9 mmol), the same procedure as the preparation of 17 was 
performed to give 35 as a colorless solid (3.67 g, 54 %). 
1H NMR (400MHz, DMSO-d6): δ 12.6(1H, brs), 7.55(1H, d, J=8.6 Hz), 7.43(1H, s), 7.03(1H, d, 
J=8.6 Hz), 4.55(1H, brs), 4.05(2H, t, J=6.0 Hz), 3.81(3H, s), 3.81-3.69(2H, m), 3.51-3.38(2H, m), 
1.96(2H, t, J=6.0 Hz), 1.70-1.57(2H, m), 1.44-1.43(4H, m). MS (ESI) m/z: 309 (M-H)+. 
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2) 3-(2-Hydroxypropoxy)-4-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide  
(36). 
Using 35 (127 mg, 0.409 mmol) and 9a (127 mg, 0.409 mmol), the same procedure as the 
preparation of 18a was performed to give 36 as a colorless solid (34.0 mg, 18 %). 
Mp: 134-136 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.72-7.68(3H, m), 7.61-7.56(3H, 
m), 7.37(1H, s), 7.09(1H, d, J=9.0 Hz), 4.25(2H, s), 4.11(2H, t, J=6.5 Hz), 3.84(3H, s), 3.58(2H, t, 




1) 3-[(2,2-Dimethyl-1,3-dioxolan-4-yl)methoxy]-4-methoxybenzoic acid (37). 
To a solution of 16 (5.04 g, 30.0 mmol) in CH3CN (60 mL) was added KI (2.49 g, 15.0 mmol), 
K2CO3 (4.98 g, 36.0 mmol) and 3-bromopropane-1,2-diol (6.03 mL 68.9 mmol) at 0 °C. The 
mixture was refluxed for 9 h, and concentrated in vacuo. The residue was extracted with EtOAc, 
washed with brine, dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 
(CH2Cl2/MeOH) gave 3-(2,3-dihydroxypropoxy)-4-methoxybenzoic acid methyl ester as a yellow 
oil (3.93 g). 
A mixture of 3-(2,3-dihydroxypropoxy)-4-methoxybenzoic acid methyl ester (3.56 g, 13.9 mmol), 
2,2-dimethoxypropane (34 mL, 278 mmol) and PPTS (349 mg, 1.39 mmol) in THF (36 mL) and 
CH2Cl2 (10 mL) was stirred at room temperature for 3.5 h. The reaction mixture was concentrated, 
diluted with H2O, and extracted with EtOAc. The combined organic layers were washed with 
saturated aqueous NaHCO3 and brine, dried over Na2SO4, and concentrated. Chromatography of 
the residue on SiO2 (hexane/EtOAc) gave methyl 3-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]-4- 
methoxybenzoate as a colorless solid (1.57 g, 13 %). 
1H NMR (400MHz, CDCl3): δ 7.79(1H, dd, J=8.2, 1.9 Hz), 7.64(1H, d, J=1.9 Hz), 6.93(1H, d, 
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J=8.2 Hz), 4.58-4.55(1H, m), 4.22-4.16(2H, m), 4.06-4.02(1H, m), 3.98-3.94(1H, m), 3.93(3H, s), 
1.49(3H, s), 1.41(3H, s). MS (ESI) m/z: 297 (M+H)+. 
A mixture of methyl 3-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]-4-methoxybenzoate (1.33 g, 
4.49 mmol), 1N NaOH (6.6 mL) in dioxane (20 mL) was stirred at room temperature for 3 h. The 
reaction mixture was acidified with 2N HCl, and concentrated in vacuo. The residue was extracted 
with EtOAc, washed with brine, dried over Na2SO4, and concentrated. The solids were collected 
by filtration using iPr2O and hexane to give 37 as a colorless solid (1.07 g, 84 %). 
1H NMR (400MHz, CDCl3): δ 7.79(1H, dd, J=8.2, 1.9 Hz), 7.64(1H, d, J=1.9 Hz), 6.93(1H, d, 
J=8.2 Hz), 4.58-4.55(1H, m), 4.22-4.16(2H, m), 4.06-4.02(1H, m), 3.98-3.94(1H, m), 3.93(3H, s), 
1.49(3H, s), 1.41(3H, s). MS (ESI) m/z: 283 (M+H)+. 
2) 3-(2,3-Dihydroxypropoxy)-4-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (38). 
Using 37 (119mg, 0.421 mmol) and 9a (100 mg, 0.387 mmol), the same procedure as the 
preparation of 18a was performed to give 38 as a colorless solid (56.2 mg, 45 %) 
Mp: 177-179 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.73-7.70(2H, m), 7.68(1H, s), 
7.64-7.57(3H, m), 7.37(1H, s), 7.10(1H, d, J=9.0 Hz), 4.96(1H, d, J=5.1 Hz), 4.68(1H, t, J=5.6 
Hz), 4.25(2H, s), 4.08-4.04(1H, m), 3.97-3.93(1H, m), 3.86-3.82(1H, m), 3.85(3H, s), 




1) 4-Methoxy-3-[(2-methyl-1,3-dioxolan-2-yl)methoxy]benzoic acid (39). 
To a solution of 16 (10.2 g, 55.8 mmol) in CH3CN (150 mL) was added 1-bromopropan-2-one 
(5.73 mL, 61.3 mmol) and K2CO3 (30.83 g, 223 mmol) at room temperature. The mixture was 
refluxed for 2 h, and concentrated in vacuo. The residue was extracted with EtOAc, washed with 
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brine, dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 
(CH2Cl2/MeOH) gave 3-acetonyloxy-4-methoxybenzoate compound as a colorless solid (10.4 g, 
78 %). 
1H NMR (400MHz,CDCl3): δ 7.74(1H, dd, J=8.6, 1.9 Hz), 7.43(1H, d, J=1.9 Hz), 6.94(1H, d, 
J=8.6 Hz), 4.66(2H, s), 3.95(3H, s), 3.89(3H, s), 2.31(3H, s). 
A mixture of methyl 3-acetonyloxy-4-methoxybenzoate (5.22 g, 21.9 mmol), ethylene glycol (3.67 
mL, 65.7 mmol), TsOH (755 mg, 4.38 mmol) and trimethoxymethane (12.0 mL, 110 mmol) in 
THF (70 mL) was refluxed for 7 h, added ethylene glycol (11.0 mL, 197 mmol), and refluxed for 6 
h. After cooling, the mixture was diluted with saturated aqueous NaHCO3, and concentrated in 
vacuo. The residue was extracted with EtOAc, washed with brine, dried over Na2SO4, and 
concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave methyl 
4-methoxy-3-[(2-methyl-1,3-dioxolan-2-yl)methoxy]benzoate as a colorless oil (6.45 g, 
quantitative yield). 
1H NMR (400MHz, CDCl3): δ 7.68(1H, dd, J=8.6, 2.0 Hz), 7.55(1H, d, J=2.0 Hz), 6.88(1H, d, 
J=8.6 Hz), 6.89-6.87(4H, m), 4.00(2H, s), 3.90(3H, s), 3.89(3H, s), 1.52(3H, s). 
A mixture of methyl 4-methoxy-3-[(2-methyl-1,3-dioxolan-2-yl)methoxy]benzoate (2.02 g, 17.2 
mmol), 1N NaOH (10.7 mL) in dioxane (30 mL) was stirred for 3 h at room temperature. The 
reaction mixture was concentrated in vacuo, and the residue was extracted with EtOAc and 
acidified with 1N HCl. The organic layer was washed with brine, dried over Na2SO4, and 
concentrated. The solids were collected by filtration using iPr2O and hexane to give 39 as a 
colorless solid (1.62 g, 84 %). 
1H NMR (400MHz, CDCl3): δ 7.77(1H, dd, J=8.4, 2.2 Hz), 7.60(1H, d, J=2.0 Hz), 6.91(1H, d, 
J=8.6 Hz), 4.12-4.10(2H, m), 4.06-4.04(2H, m), 4.01(2H, s), 3.92(3H, s), 1.53(3H, s). MS (ESI) 
m/z: 267 (M-H)+. 
2) 3-Acetonyloxy-4-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide (40). 
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Using 39 (1.61 g, 6.01 mmol) and 9a (1.55 g, 6.01 mmol), the same procedure as the preparation 
of 18a was performed to give 40 as a colorless solid (1.92 g, 69 %). 
1H NMR (400MHz, DMSO-d6): δ 12.3(1H, brs), 7.74(1H, dd, J=8.4, 2.1 Hz), 7.68(1H, s), 
7.63-7.54(4H, m), 7.37(1H, s), 7.13(1H, d, J=8.6 Hz), 4.88(1H, s), 4.24(2H, s), 3.87(3H, s), 
2.19(3H, s). MS (ESI) m/z: 465 (M+H)+. 
3) 3-(2-Hydroxypropoxy)-4-methoxy-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (41). 
To a solution of 40 (109 mg, 0.235 mmol) in MeOH (4.0 mL) was added NaBH4 (4.7 mg, 0.118 
mmol) at 0 °C. The mixture was stirred for 1 h and concentrated in vacuo. The residue was 
extracted with EtOAc, washed with brine, dried over Na2SO4, and concentrated. Chromatography 
of the residue on SiO2 (CH2Cl2/MeOH) gave 41 as a colorless solid (74.7 mg, 68 %). 
Mp: 136 °C. 1H NMR (400MHz, CDCl3): δ 10.8(1H, brs), 7.55-7.50(4H, m), 7.45-7.43(2H, m), 
7.05(1H, s), 6.90(1H, d, J=8.6 Hz), 4.25(1H, brs), 4.15(2H, s), 4.03(1H, dd, J=9.6, 3.0 Hz), 





To a solution of 40 (105 mg, 0.226 mmol) in dioxane (8.0 mL) was added MeMgBr (3 mol/L in 
Et2O, 0.68 mL, 0.68 mmol) at 0 °C, and the mixture was stirred at room temperature for 1 h, and 
diluted with water and EtOAc. The organic layer was washed with brine, dried over Na2SO4, and 
concentrated. Chromatography of the residue on SiO2 (CH2Cl2/MeOH) gave 42 a colorless solid 
(87.6 mg, 81 %). 
Mp: 154 °C. 1H NMR (400MHz, CDCl3): δ 10.6(1H, brs), 7.55-7.50(4H, m), 7.45-7.43(2H, m), 
7.06(1H, s), 6.91(1H, d, J=8.2 Hz), 4.15(2H, s), 3.91(3H, s), 3.86(2H, s), 3.71(0H, s), 2.63(1H, 
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brs), 1.35(6H, s). MS (ESI) m/z: 481 (M+H)+. 
 
4-Ethoxy-3-(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide (49a).  
1) 4-Ethoxy-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (44a). 
A mixture of 4-fluoro-3-hydroxy-benzoic acid (43, 5.00 g, 32.0 mmol) and conc.H2SO4 (2.5 mL) 
in EtOH (50 mL) was refluxed for 23 h. The reaction mixture was concentrated in vacuo, and 
diluted with EtOAc. The organic layer was washed with water, saturated aqueous NaHCO3, and 
brine, dried over Na2SO4, and concentrated to give ethyl 4-fluoro-3-hydroxy-benzoate as a 
colorless solid (5.67 g, 96 %). 
1H NMR (400MHz, CDCl3): δ 7.73(1H, dd, J=8.4, 2.1 Hz), 7.63-7.59(1H, m), 7.12(1H, dd, J=9.8, 
8.6 Hz), 5.60(1H, d, J=3.5 Hz), 4.37(2H, q, J=7.2 Hz), 1.39(3H, t, J=7.0 Hz). 
A solution of ethyl 4-fluoro-3-hydroxy-benzoate (5.67 g, 30.8 mmol), DHP (7.75 mL, 37.1 mmol), 
and K2CO3 (8.52 g, 61.6 mmol) in CH3CN (50 mL) was refluxed for 3 days. The reaction mixture 
was diluted with EtOAc, washed with water, saturated aqueous NaHCO3, and brine, dried over 
Na2SO4, and concentrated to give 4-fluoro-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid 
ethyl ester as a brown oil (10.6 g, quantitative yield). 
1H NMR (400MHz, CDCl3): δ 7.72(1H, dd, J=7.8, 2.0 Hz), 7.67-7.63(1H, m), 7.11(1H, dd, J=10.8, 
8.5 Hz), 4.73(1H, t, J=3.5 Hz), 4.37(2H, q, J=7.3 Hz), 4.32-4.26(2H, m), 4.12-4.07(1H, m), 
3.94-3.83(2H, m), 3.56-3.50(1H, m), 1.89-1.69(2H, m), 1.67-1.50(4H, m), 1.39(3H, t, J=7.2 Hz). 
MS (ESI) m/z: 313 (M+H)+. 
A solution of 4-fluoro-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid ethyl ester (10.6 g, 33.9 
mmol) and NaOEt (21 wt% in EtOH, 14.5 mL) in EtOH (100 mL) was refluxed for 20 h. The 
reaction mixture was diluted with water, and extracted with EtOAc. The organic layer was washed 
with brine, dried over Na2SO4, and concentrated to give 4-ethoxy-3-[2-(tetrahydropyran-2-yloxy) 
ethoxy]benzoic acid ethyl ester as a brown oil (8.96 g, quantitative yield). Using this benzoic acid 
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ethyl ester (8.96 g, 2.65 mmol), the same procedure as the preparation of 17 was performed to give 
44a as a colorless solid (4.28 g, 45 %). 
1H NMR (400MHz, DMSO-d6): δ 12.6(1H, brs), 7.53(1H, d, J=7.8 Hz), 7.47(1H, s), 7.02(1H, d, 
J=9.0 Hz), 4.67(1H, s), 4.14(1H, s), 4.08(2H, q, J=6.9 Hz), 3.91-3.87(1H, m), 3.82-3.77(1H, m), 
3.73-3.70(1H, m), 3.42-3.38(2H, m), 1.75-1.66(1H, m), 1.64-1.55(1H, m), 1.52-1.38(4H, m), 
1.32(3H, t, J=6.6 Hz). MS (EI) m/z: 310 M+. 
2) 4-Ethoxy-3-(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide  
(49a). 
Using 44a (203 mg, 0.654 mmol) and 9a (176 mg, 0.681 mmol), the same procedure as the 
preparation of 18a was performed to give 49a as a pale yellow solid (10.0 mg, 4 %). 
Mp: 130–133 °C. 1H NMR (400MHz, DMSO-d6): δ 11.7(1H, s), 7.73-7.66(3H, m), 7.64-7.57(3H, 
m), 7.37(1H, s), 7.08(1H, d, J=10.2 Hz), 4.86(1H, t, J=6.0 Hz), 4.25(2H, s), 4.12(2H, q, J=7.3 Hz), 
4.08(1H, t, J=5.8 Hz), 3.84-3.73(3H, m), 1.36(3H, t, J=6.9 Hz). MS (ESI) m/z: 467 (M+H)+. 
 
3-(2-Hydroxyethoxy)-4-(2-methoxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (49b).  
1) 4-(2-Methoxyethoxy)-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (44b).  
Using 2-methoxyethanol, the same procedure as the preparation of 44a was performed to give 44b 
as a pale yellow solid. 
1H NMR (400MHz, DMSO-d6): δ 7.55(1H, dd, J=8.6, 2.0 Hz), 7.51(1H, d, J=2.0 Hz), 7.07(1H, d, 
J=8.6 Hz), 4.69-4.68(1H, m), 4.18-4.16(4H, m), 3.94-3.89(1H, m), 3.83-3.78(1H, m), 
3.75-3.70(1H, m), 3.69-3.67(2H, m), 3.46-3.42(1H, m), 3.32(3H, s), 1.73-1.59(2H, m), 
1.49-1.46(4H, m). MS (ESI) m/z: 339 (M-H)+.  
2) 3-(2-Hydroxyethoxy)-4-(2-methoxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (49b).  
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Using 44b (154 mg, 0.452 mmol) and 9a (117 mg, 0.453 mmol), the same procedure as the 
preparation of 18a was performed to give 49b as a colorless solid (106 mg, 47 %). 
Mp: 136-138 °C. 1H NMR (400MHz, DMSO-d6): δ 12.4(1H, brs), 7.74(1H, d, J=2.0 Hz), 7.70(1H, 
d, J=2.0 Hz), 7.68(1H, d, J=2.3 Hz), 7.68-7.68(3H, m), 7.38(1H, s), 7.11(1H, d, J=8.6 Hz), 
5.14(1H, brs), 4.25(2H, s), 4.20-4.18(2H, m), 4.09(2H, t, J=5.3 Hz), 3.75(2H, t, J=5.2 Hz), 
3.70-3.68(2H, m), 3.32(3H, s). MS (ESI) m/z: 497 (M+H)+. 
 
4-[2-(Dimethylamino)ethoxy]-3-(2-Hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2- 
yl]benzamide (49c).  
1) 4-[2-(Dimethylamino)ethoxy]-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (44c).  
Using 2-(dimethylamino)ethanol, the same procedure as the preparation of 44a was performed to 
give 44c as a colorless solid. 
1H NMR (400MHz, DMSO-d6): δ 7.48(1H, s), 7.42(1H, d, J=7.8 Hz), 6.85(1H, d, J=8.3 Hz), 
4.68(1H, brs), 4.09(2H, brs), 4.03(2H, t, J=5.7 Hz), 3.91-3.88(1H, m), 3.81(1H, t, J=9.2 Hz), 
3.75-3.69(1H, m), 3.45-3.42(1H, m), 2.61(2H, t, J=5.9 Hz), 2.22(6H, s), 1.73-1.60(2H, m), 
1.48-1.46(4H, m). MS (ESI) m/z: 354 (M-H)+. 
2) 4-[2-(Dimethylamino)ethoxy]-3-(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol- 
2-yl]benzamide (49c).  
Using 44c (118 mg, 0.329 mmol) and 9a (85.1 mg, 0.329 mmol), the same procedure as the 
preparation of 18a was performed to give 49c as a colorless solid (38.0 mg, 23 %). 
Mp: 103-105 °C. 1H NMR (400MHz, CDCl3): δ 13.5(1H, brs), 7.57-7.50(4H, m), 7.45-7.44(2H, 
m), 7.08(1H, s), 6.96(1H, d, J=8.6 Hz), 4.15(2H, s), 4.15(4H, brs) 3.87(2H, t, J=3.9 Hz), 2.77(2H, 





1) 3,4-Bis[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (44d).  
Using ethyl 3,4-dihydroxybenzoate (45, 2.50 g, 13.7 mmol), the same procedure as the preparation 
of 17 was performed to give 44d as a yellow oil (2.04 g, 58 %). 
1H NMR (400MHz, CDCl3): δ 7.75(1H, dd, J=8.6, 1.9 Hz), 7.68(1H, d, J=1.9 Hz), 6.98(1H, d, 
J=8.6 Hz), 4.75-4.73(2H, m), 4.30-4.25(4H, m), 4.12-4.06(2H, m), 3.94-3.82(4H, m), 
3.55-3.52(2H, m), 1.87-1.71(2H, m), 1.67-1.52(4H, m). MS (ESI) m/z: 409 (M-H)+. 
2) 3,4-Bis(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)-[1,3,4]thiazol-2-yl]benzamide  
(49d). 
Using 44d (173 mg, 0.421 mmol) and 9a (100 mg, 0.387 mmol), the same procedure as the 
preparation of 18a was performed to give 49d as a colorless amorphous (45.2 mg, 39 %). 
1H NMR (500MHz, DMSO-d6): δ 12.4(1H, brs), 7.71(1H, d, J=2.4 Hz), 7.68-7.66(2H, m), 
7.62-7.55(3H, m), 7.35(1H, s), 7.09(1H, d, J=8.8 Hz), 4.89(1H, t, J=6.9 Hz), 4.87(1H, t, J=6.6 Hz), 
4.23(2H, s), 4.08(2H, t, J=5.1 Hz), 4.07(2H, t, J=5.0 Hz), 3.74(2H, q, J=6.1 Hz), 3.73(2H, q, J=6.1 




1) 4-Amino-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid methyl ester (47). 
A suspension of 3-hydroxy-4-nitro-benzoic acid ethyl ester (46, 5.02 g, 25.5 mmol), 
2-(2-bromoethoxy)tetrahydro-2H-pyran (5.80 mL, 38 mmol), K2CO3 (7.04 g, 50.9 mmol) in DMA 
(70 mL) was heated at 80 °C for 5 h, and extracted with EtOAc. The organic layer was washed 
with H2O and brine, dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 
(hexane/EtOAc) to give 8.50 g of methyl 3-nitro-4-(2-tetrahydropyran-2-yloxyethoxy)benzoate as 
a yellow oil. 
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1H NMR (400MHz, CDCl3): δ 7.84(1H, s), 7.83(1H, d, J=9.8 Hz), 7.71(1H, d, J=9.7 Hz), 4.73(1H, 
t, J=3.3 Hz), 4.42-4.34(2H, m), 4.16-4.08(1H, m), 3.97(3H, s), 3.92-3.83(2H, m), 3.57-3.52(1H, 
m), 1.86-1.71(2H, m), 1.65-1.51(4H, m). 
A suspension of methyl 3-nitro-4-(2-tetrahydropyran-2-yloxyethoxy)benzoate (8.50 g, 25.5 mmol) 
and Pd/C (10 wt%, 1.28 g) in EtOAc (100 mL) was treated with H2 gas for 3 h. The reaction 
mixture was filtered through a pad of Celite, concentrated, and dried in vacuo to give 7.78 g 
(quantitative yield) of 47 as a colorless oil. 
1H NMR (400MHz, CDCl3): δ 7.57(1H, dd, J=8.2, 2.0 Hz), 7.51(1H, d, J=2.0 Hz), 6.67(1H, d, J= 
8.2Hz), 4.72(1H, t, J=3.5 Hz), 4.24(2H, t, J=4.9 Hz), 4.11-4.06(1H, m), 3.93-3.89(1H, m), 
3.86(3H, s), 3.85-3.81(1H, m), 3.57-3.51(1H, m), 1.86-1.71(2H, m), 1.65-1.52(4H, m). MS (ESI) 
m/z: 296 (M+H)+. 
2) 4-Dimethylamino-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (48a). 
Using 47 (1.91 g, 6.47 mmol) and formaldehyde (0.50 g, 16.2 mmol), the same procedure as the 
preparation of 48c was performed to give 48a as a yellow oil (2.00 g, 86 %). 
1H NMR (400MHz, DMSO-d6): δ 7.49(1H, dd, J=8.2, 1.9 Hz), 7.41(1H, d, J=1.9 Hz), 6.86(1H, d, 
J=8.2 Hz), 4.69(1H, t, J=3.3 Hz), 4.17-4.14(2H, m), 3.99-3.94(1H, m), 3.82-3.71(2H, m), 
3.48-3.43(1H, m), 2.84(6H, s), 1.73-1.59(2H, m), 1.53-1.46(4H, m). MS (ESI) m/z: 310 (M+H)+. 
3) 4-Dimethylamino-3-(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (50a). 
Using 48a (136 mg, 0.440 mmol) and 9a (103 mg, 0.400 mmol), the same procedure as the 
preparation of 18a was performed to give 50a as a colorless solid (37.5 mg, 20 %). 
Mp: 156-158 °C. 1H NMR (500MHz, DMSO-d6): δ 12.3(1H, s), 7.67-7.56(6H, m), 7.35(1H, s), 
6.87(1H, d, J=8.8 Hz), 4.86(1H, t, J=5.3 Hz), 4.24(2H, s), 4.09(2H, t, J=5.1 Hz), 3.78(2H, q, J=5.1 





1) 4-Diethylamino-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (48b). 
Using 47 (1.09 g, 3.69 mmol) and acetaldehyde (1.02 g, 18.4 mmol), the same procedure as the 
preparation of 48c was performed to give 48b as a yellow oil (503 mg, 23 %). 
1H NMR (500MHz, DMSO-d6): δ 12.3(1H, brs), 7.46(1H, dd, J=8.3, 1.5 Hz), 7.39(1H, d, J=1.5 
Hz), 6.85(1H, d, J=8.3 Hz), 4.67(1H, brs), 4.16-4.12(2H, m), 3.97-3.93(1H, m), 3.80-3.71(2H, m), 
3.46-3.43(1H, m), 3.27(2H, q, J=7.1 Hz), 1.72-1.69(1H, m), 1.64-1.60(1H, m), 1.51-1.45(4H, m), 
1.03(6H, t, J=7.1 Hz). MS (ESI) m/z: 338 (M+H)+. 
2) 4-Dimethylamino-3-(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (50b). 
Using 48b (112 mg, 0.332 mmol) and 9a (77.9 mg, 0.302 mmol), the same procedure as the 
preparation of 18a was performed to give 50b as a colorless solid (69.4 mg, 47 %). 
Mp: 126-128 °C. 1H NMR (400MHz, DMSO-d6): δ 12.3(1H, s), 7.68-7.56(6H, m), 7.35(1H, s), 
6.87(1H, d, J=8.2 Hz), 4.82(1H, t, J=5.3 Hz), 4.24(2H, s), 4.08(2H, t, J=5.2 Hz), 3.78(2H, q, J=5.3 




1) 4-Ethylamino-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (48c). 
To a solution of 47 (4.45 g, 15.3 mmol) in THF/MeOH (2:1, 90 mL) were successively added 
acetic acid (0.88 mL, 15 mmol), acetaldehyde (4.3 mL, 77 mmol) and sodium cyanoborohydride 
(2.89 g, 46.0 mmol) at 0 °C. To complete the reaction, additional amounts of the reagents were 
added and the reaction was heated to 60 °C. The reaction mixture was concentrated, diluted with 
EtOAc and saturated aqueous NaHCO3. The separated organic layer was washed with water and 
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brine, dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 
(CH2Cl2/EtOAc, and then CH2Cl2/MeOH) gave 3.19 g (64 %) of the monoalkylated compound as 
a colorless oil and 1.63 g (30 %) of the dialkylated compound as a colorless oil. 
1H NMR (400MHz, CDCl3): δ 7.65(1H, dd, J=8.2, 1.9 Hz), 7.46(1H, d, J=1.6 Hz), 6.54(1H, d, 
J=8.2 Hz), 4.72(1H, t, J=3.5 Hz), 4.23(2H, t, J=4.7 Hz), 4.12-4.05(1H, m), 4.12-4.05(2H, m), 
3.85(3H, s), 3.57-3.51(1H, m), 3.27-3.20(2H, m), 1.87-1.82(1H, m), 1.76-1.74(1H, m), 
1.65-1.53(4H, m), 1.29(3H, t, J=7.2 Hz). MS (ESI) m/z: 324 (M+H)+. 
To a solution of the monoalkylated compound (514 mg, 1.59 mmol) in 1,4-dioxane (10 mL) was 
added 1N NaOH (2.4 mL) at room temperature. The reaction mixture was heated to reflux for 16 h. 
To complete the conversion, an additional amount of 1N NaOH was added during the reaction. 
The reaction mixture was concentrated, and diluted with EtOAc and citric acid (aq). The separated 
organic layer was washed with H2O and brine, dried over Na2SO4, and concentrated. The residue 
was triturated in hexane/iPr2O, collected by filtration, and dried in vacuo to give 385 mg (78 %) of 
48c as an off-white solid.  
1H NMR (400MHz, CDCl3): δ 7.73(1H, dd, J=8.2, 1.9 Hz), 7.50(1H, d, J=1.9 Hz), 6.56(1H, d, 
J=8.2 Hz), 4.72(1H, t, J=3.5 Hz), 4.25(2H, t, J=4.9 Hz), 4.12-4.06(1H, m), 3.94-3.82(2H, m), 
3.58-3.52(1H, m), 3.25(2H, q, J=7.3 Hz), 1.88-1.83(1H, m), 1.79-1.72(1H, m), 1.68-1.51(4H, m), 
1.30(3H, t, J=7.2 Hz). MS (ESI) m/z: 310 (M+H)+. 
2) 4-Ethylamino-3-(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide 
(50c). 
Using 48c (114 mg, 0.369 mmol) and 9a (95.2 mg, 0.369 mmol), the same procedure as the 
preparation of 18a was performed to give 50c as a colorless solid (62.0 mg, 31 %). 
Mp: 194-197 °C. 1H NMR (400MHz, DMSO-d6): δ 12.1(1H, s), 7.67-7.56(6H, m), 7.32(1H, s), 
6.58(1H, d, J=8.6 Hz), 5.78(1H, t, J=5.6 Hz), 4.98(1H, t, J=6.3 Hz), 4.23(2H, s), 4.03(2H, t, J=4.7 
Hz), 3.79-3.75(2H, m), 3.24-3.17(2H, m), 1.19(3H, t, J=7.2 Hz). 13C-NMR (100MHz, DMSO-d6): 
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δ 164.2, 158.4, 144.5, 142.3, 141.9, 135.0, 132.6, 129.8, 129.6, 129.3, 125.6, 124.8, 123.3, 123.2, 
117.3, 109.7, 107.4, 70.2, 59.6, 36.7, 31.4, 14.3. MS (ESI) m/z: 466 (M+H)+. Anal. Calcd. for 
C22H22F3N3O3S･1/5H2O: C, 56.33; H, 4.81; N, 8.96; F, 12.15; S, 6.83. Found: C, 56.15; H, 4.78; N, 




1) 4-Morpholino-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (48d). 
A solution of 47 (457 mg, 1.55 mmol), 1-bromo-2-(2-bromoethoxy)ethane (0.23 mL, 1.86 mmol), 
K2CO3 (428 mg, 3.09 mmol) and NaI (23.2 mg, 0.155 mmol) in DMF was stirred at 80 °C. The 
reaction mixture was diluted with EtOAc, water and saturated aqueous NaHCO3. The organic layer 
was washed with water and brine, dried over Na2SO4, and concentrated. Chromatography of the 
residue on SiO2 (hexane/CH2Cl2) to give 37.3 mg (10 %) of the aminated compound as a colorless 
oil. Then using the aminated compound (37.3 mg, 0.102 mmol), the same procedure as the 
preparation of 17 was performed to give 48d as a pale yellow solid (34.9 mg, 9.7 %). 
1H NMR (400MHz, CDCl3): δ 7.73(1H, dd, J=8.2, 2.0 Hz), 7.59(1H, d, J=2.0 Hz), 6.91(1H, d, 
J=8.2 Hz), 6.92(1H, brs), 4.26(2H, t, J=4.7 Hz), 4.15-4.10(1H, m), 3.89(2H, t, J=4.7 Hz), 
3.90-3.82(4H, m), 3.58-3.53(1H, m), 3.26-3.23(4H, m), 1.84-1.70(2H, m), 1.66-1.53(4H, m). MS 
(ESI) m/z: 352 (M+H)+. 
2) 3-(2-Hydroxyethoxy)-4-morpholino-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide 
(50d). 
Using 48d (34.9 mg, 0.113 mmol) and 9a (29.1 mg, 0.113 mmol), the same procedure as the 
preparation of 18a was performed to give 50d as a colorless solid (7.9 mg, 14 %). 
Mp: 150-151 °C. 1H NMR (400MHz, CDCl3): δ 10.0(1H, brs), 7.52-7.49(4H, m), 7.45-7.44(2H, 
m), 7.14(1H, s), 6.95(1H, d, J=8.2 Hz), 4.21(2H, t, J=4.5 Hz), 4.16(2H, s), 3.90-3.88(2H, m), 
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1) 4-Acetamide-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (48e). 
To a solution of 47 (405 mg, 1.37 mmol) in THF (10 mL) was added acetic anhydride (0.14 mL, 
1.51 mmol) and Et3N (0.57 mL, 4.12 mmol) at 0 °C. To complete the reaction, additional half 
amounts of the reagents were added and the reaction mixture was heated to 70 °C. The mixture 
was concentrated in vacuo, was diluted with EtOAc, water and saturated aqueous NaHCO3. The 
organic layer was washed with water and brine, dried over Na2SO4, and concentrated. 
Chromatography of the residue on SiO2 (hexane/CH2Cl2) to give 220 mg (48 %) of the acetylated 
compound as a colorless oil. 
1H NMR (400MHz, CDCl3): δ 8.48(1H, d, J=8.6 Hz), 8.24(1H, brs), 7.71(1H, dd, J=8.4, 1.8 Hz), 
7.60(1H, d, J=2.0 Hz), 5.31(1H, s), 4.73(1H, t, J=3.4 Hz), 4.29(2H, t, J=4.5 Hz), 4.12-4.06(1H, m), 
3.91-3.86(2H, m), 3.90(3H, s), 2.22(3H, s), 1.87-1.80(1H, m), 1.79-1.73(1H, m), 1.67-1.52(4H, m). 
MS (ESI) m/z: 336 (M-H)+. 
Using the acetylated compound (220 mg, 0.102 mmol), the same procedure as the preparation of 
17 was performed to give 48e as a colorless oil (216 mg, quantitative yield). 
1H NMR (500MHz, CDCl3): δ 8.51(1H, d, J=8.3 Hz), 8.26(1H, s), 7.78(1H, d, J=8.3 Hz), 5.30(1H, 
s), 4.73(1H, brs), 4.30(2H, t, J=4.4 Hz), 4.11-4.07(1H, m), 3.92-3.88(2H, m), 3.57-3.55(1H, m), 
2.24(3H, s), 1.86-1.74(2H, m), 1.65-1.55(4H, m). MS (ESI) m/z: 322 (M-H)+ 
2) 4-Acetamide-3-(2-hydroxyethoxy)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl]benzamide  
(50e). 
Using 48e (120 mg, 0.371 mmol) and 9a (95.8 mg, 0.371 mmol), the same procedure as the 
preparation of 18a was performed to give 50e as a colorless solid (41.3 mg, 23 %). 
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Mp: 177-179 °C. 1H NMR (400MHz, DMSO-d6): δ 12.5(1H, s), 9.22(1H, s), 8.28(1H, d, J=8.2 
Hz), 7.77(1H, d, J=1.6 Hz), 7.69-7.66(2H, m), 7.64-7.57(3H, m), 7.38(1H, s), 5.12(1H, t, J=6.1 





1) 4-(Methanesulfonamido)-3-[2-(tetrahydropyran-2-yloxy)ethoxy]benzoic acid (48f). 
To a solution of 47 (428 mg, 1.45 mmol) in pyridine (5.0 mL) was added methanesulfonyl chloride 
(0.135 mL, 1.74 mmol) and stirred at room temperature for 3 days. The mixture was extracted with 
EtOAc, washed with 1N HCl and brine, dried over Na2SO4, and concentrated. Chromatography of 
the residue on SiO2 (hexane/EtAc) to give 430 mg (80 %) of the mesylated compound as colorless 
oil. 
1H NMR (400MHz, CDCl3): δ 7.71(1H, dd, J=8.4, 1.8 Hz), 7.63(1H, d, J=2.0 Hz), 7.60(1H, d, 
J=8.6 Hz), 7.50(1H, brs), 4.67-4.65(1H, m), 4.29-4.26(2H, m), 4.10-4.04(1H, m), 3.95-3.89(1H, 
m), 3.91(3H, s), 3.87-3.82(1H, m), 3.57-3.52(1H, m), 3.02(3H, s), 1.85-1.74(2H, m), 1.63-1.54(4H, 
m). MS (ESI) m/z: 372 (M-H)+. 
Using the mesylated compound (430 mg, 1.15 mmol), the same procedure as the preparation of 17 
was performed to give 48f as a pale yellow oil (366 mg, 84 %). 
1H NMR (500MHz, CDCl3): δ 7.79(1H, dd, J=8.8, 1.5 Hz), 7.68(1H, s), 7.64(1H, d, J=8.8 Hz), 
7.57(1H, s), 4.67(1H, t, J=3.6 Hz), 4.30-4.28(2H, m), 4.13-4.06(1H, m), 3.95-3.91(1H, m), 
3.89-3.85(1H, m), 3.57-3.53(1H, m), 3.05(3H, s), 1.85-1.75(2H, m), 1.63-1.54(4H, m). 
2) 3-(2-Hydroxyethoxy)-4-(methanesulfonamido)-N-[5-(3-trifluoromethylbenzyl)thiazol-2-yl] 
benzamide (50f). 
Using 48f (101 mg, 0.261 mmol) and 9a (61.3 mg, 0.237 mmol), the same procedure as the 
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preparation of 18a was performed to give 50f as a colorless solid (78.2 mg, 64 %). 
Mp: 209-211 °C.1H NMR (400MHz, DMSO-d6): δ 12.5(1H, brs), 9.21(1H, s), 7.77(1H, d, J=1.9 
Hz), 7.70-7.67(2H, m), 7.64-7.57(3H, m), 7.48(1H, d, J=8.2 Hz), 7.39(1H, s), 5.11(1H, t, J=6.6 




6-[4-(2-Trifluoromethylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2- 
phenyl-ethyl)amide (62a). 
1) 4-(Hydroxy-2-trifluoromethylphenylmethyl)piperidine-1-carboxylic acid tert-butyl ester  
(53a). 
To a solution of N-(tert-butoxycarbonyl)-4-piperidinemethanol (52, 9.80 g, 45.5 mmol) in CH2Cl2 
(100 mL) were added PCC (14.7 g, 68.2 mmol) and Celite (14.7 g) at room temperature. After 3.5 
h, the reaction mixture was diluted with Et2O, filtered through a pad of Celite, and concentrated. 
Purification of the residue on SiO2 (hexane/EtOAc) gave 6.39 g (66 %) of the 4-formylpiperidine- 
1-carboxylic acid tert-butyl ester as a colorless oil.  
1H NMR (400MHz, CDCl3): δ 9.67(1H, s), 4.00-3.95(2H, m), 2.96-2.90(2H, m), 2.45-2.37(1H, m), 
1.91-1.87(2H, m), 1.62-1.53(2H, m), 1.46(9H, s). 
To a solution of1-bromo-2-trifluoromethylbenzene (0.477 mL, 3.54 mmol) in THF (10 mL) was 
added n-BuLi (2.67 mol/L in hexane, 1.23 mL) at -78 °C. After 20 min, 4-formylpiperidine- 
1-carboxylic acid tert-butyl ester (534 mg, 2.53 mmol) in THF was added, stirred for 1 h. The 
reaction mixture was diluted with water, and extracted with EtOAc. The organic layer was washed 
with brine, dried over Na2SO4, and concentrated to givethe crude of 53a as a pale yellow oil (934 
mg, quantitative yield). 
2) 4-(2-Trifluoromethylbenzoyl)piperidine-1-carboxylic acid hydrochloride (54a). 
Using 53a (909 mg, 2.53 mmol), the same procedure as the preparation of 54b was performed to 
give 54a as a pale yellow solid (172 mg, 23 %). 
1H NMR(400MHz, DMSO-d6): δ 9.24(1H, brs), 8.90(1H, brs), 7.86(1H, d, J=7.9 Hz), 
7.87-7.85(2H, m), 3.46(1H, t, J=11.2 Hz), 3.25(2H, d, J=12.5 Hz), 2.89(2H, d, J=11.4 Hz), 
1.91(2H, d, J=13.3 Hz), 1.74-1.66(2H, m). MS (ESI) m/z: 258 (M+H)+. 
3) 6-Chloropyridazine-3-carboxylic acid (2-hydroxy-2-phenyl-ethyl)amide (61a). 
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Using 2-amino-1-phenylethanol (2.74 g, 20.0 mmol), the same procedure as the preparation of 61k 
was performed to give 61a as a colorless oil (3.32 g, 60 %). 
1H NMR (400MHz, DMSO-d6): δ 9.07(1H, t, J=5.9 Hz), 8.23(1H, d, J=9.0 Hz), 8.11(1H, d, J=8.6 
Hz), 7.39(2H, d, J=7.0 Hz), 7.35(1H, d, J=7.1 Hz), 7.33(1H, d, J=7.8 Hz), 7.25(1H, dd, J=7.2, 7.2 
Hz), 5.61(1H, d, J=4.7 Hz), 4.86-4.82(1H, m), 3.61-3.55(1H, m), 3.50-3.43(1H, m). MS (ESI) m/z: 
276 (M-H)+. 
4) 6-[4-(2-Trifluoromethylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2- 
phenyl-ethyl)amide (62a). 
Using 54a (88.0 mg, 0.300 mmol) and 61a (83.3 mg, 0.330 mmol), the same procedure as the 
preparation of 62k was performed to give 62a as a colorless solid (1.26 g, 52 %). 
Mp: 78-80 °C. 1H NMR (400MHz, DMSO-d6): δ 8.58(1H, t, J=5.9 Hz), 7.89-7.80(4H, m), 
7.75(1H, t, J=8.0 Hz), 7.39-7.31(5H, m), 7.25(1H, dd, J=7.2, 7.2 Hz), 5.61(1H, d, J=4.7 Hz), 
4.80-4.77(1H, m), 4.52(2H, d, J=13.7 Hz), 3.62-3.46(2H, m), 3.44-3.37(1H, m), 3.12(2H, t, J=11.6 
Hz), 1.92(2H, d, J=12.5 Hz), 1.57-1.47(2H, m). 13C-NMR (100MHz, DMSO-d6): δ 205.2, 162.9, 
159.9, 144.2, 143.5, 138.4, 132.6, 130.9, 128.0, 127.8, 127.1, 127.0, 126.2, 126.0, 126.0, 123.6, 
112.7, 71.1, 46.7, 46.7, 43.9, 26.7. MS (ESI) m/z: 499 (M+H)+. Anal. Calcd. for C26H25F3N4O3･
1/4H2O: C, 62.08; H, 5.11; N, 11.14; F, 11.33. Found: C, 61.92; H, 5.03; N, 11.14; F, 11.33. 
 
6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2- 
phenyl-ethyl)amide (62b). 
1) 4-(Hydroxy-o-tolylmethyl)piperidine-1-carboxylic acid tert-butyl ester (53b). 
To a solution of 4-formylpiperidine-1-carboxylic acid tert-butyl ester (see the procedure of 53a, 
6.39 g, 30.0 mmol) in anhydrous THF (70 mL) was added o-tolylmagnesium bromide (1 mol/L in 
anhydrous THF, 36 mL) at 0 °C. After 30 min, the reaction was quenched with saturated aqueous 
NH4Cl. The mixture was diluted with water, and extracted with EtOAc. The organic layer was 
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concentrated. Purification of the residue on SiO2 (hexane/EtOAc) gave 7.20 g (79 %) of 53b as a 
colorless oil. 
1H NMR (400MHz, CDCl3): δ 7.42(1H, dd, J=7.6, 1.4 Hz), 7.24(1H, ddd, J=10.3, 10.3, 4.1 Hz), 
7.18(1H, ddd, J=10.2, 10.2, 3.6 Hz), 7.14(1H, d, J=7.4 Hz), 4.69(1H, dd, J=7.2, 2.1 Hz), 
4.21-4.03(2H, m), 2.69-2.55(2H, m), 2.34(3H, s), 1.98(1H, d, J=12.5 Hz), 1.83-1.74(1H, m), 
1.45(9H, s), 1.39-1.32(2H, m). 
2) Piperidine-4-yl-o-tolylmethanone hydrochloride (54b). 
To a solution of 4-(hydroxy-o-tolylmethyl)piperidine-1-carboxylic acid tert-butyl ester (53b, 7.20 
g, 23.5 mmol) in CH2Cl2 (80 mL) was added Dess-Martin periodinane (9.99 g, 23.5 mmol) at 
room temperature. After 2 h, the reaction mixture was concentrated, diluted with EtOAc, washed 
with saturated aqueous NaHCO3 and brine, and concentrated. Purification of the residue on SiO2 
(hexane/EtOAc) yielded 4.96 g (69 %) of 4-(2-methylbenzoyl)piperidine-1-carboxylic acid 
tert-butyl ester as a yellow oil. 
1H NMR (400MHz, CDCl3): δ 7.50(1H, d, J=8.6 Hz), 7.36(1H, ddd, J=10.4, 10.4, 3.7 Hz), 
7.27-7.24(2H, m), 4.15-4.10(2H, m), 3.22-3.15(1H, m), 2.84(2H, t, J=11.2 Hz), 2.41(3H, s), 
1.82(2H, dd, J=13.7, 1.9 Hz), 1.68-1.58(2H, m), 1.46(9H, s). 
A mixture of 4-(2-methylbenzoyl)piperidine-1-carboxylic acid tert-butyl ester (4.96 g, 16.3 mmol) 
and 4N HCl in dioxane (15 mL) was stirred at room temperature for 30 min and concentrated. The 
residue was triturated in Et2O, collected by filtration and dried in vacuo to give 3.55 g (91 %) of 
54b as a white solid. 
1H NMR (400MHz, DMSO-d6): δ 9.41(1H, brs), 9.16(1H, brs), 7.71(1H, d, J=7.8 Hz), 7.41(1H, dd, 
J=6.8, 6.8 Hz), 7.30(1H, dd, J=7.8, 7.8 Hz), 7.21-7.16(1H, m), 3.59-3.51(1H, m), 3.22(2H, d, 
J=11.7 Hz), 2.98-2.89(2H, m), 2.32(3H, s), 1.87(2H, d, J=14.5 Hz), 1.78-1.75(2H, m). MS (ESI) 
m/z: 204 (M+H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2- 
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phenyl-ethyl)amide (62b). 
Using 54b (239 mg, 1.00 mmol) and 61a (227 mg, 1.00 mmol), the same procedure as the 
preparation of 62k was performed to give 62b as a beige solid (216 mg, 49 %). 
Mp: 116-118 °C. 1H NMR (400MHz, DMSO-d6): δ 8.60(1H, dd, J=5.7, 5.7 Hz), 7.82(1H, d, J=9.4 
Hz), 7.75(1H, d, J=7.4 Hz), 7.46-7.31(8H, m), 7.26(1H, dd, J=7.2, 7.2 Hz), 5.63(1H, d, J=4.3 Hz), 
4.82-4.78(1H, m), 4.49(2H, d, J=13.3 Hz), 3.63-3.56(2H, m), 3.45-3.37(1H, m), 3.18(2H, t, J=11.5 
Hz), 2.33(3H, s), 1.87(2H, d, J=11.7 Hz), 1.60-1.50(2H, m). MS(ESI) m/z: 445 (M+H)+. Anal. 
Calcd. for C26H28N4O3･1/2H2O: C, 68.85; H, 6.44; N, 12.35. Found: C, 68.74; H, 6.21; N, 12.52. 
 
6-[4-(2-Methoxybenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2- 
phenyl-ethyl)amide (62c). 
1) 4-(Hydroxy-2-methoxyphenylmethyl)piperidine-1-carboxylic acid tert-butyl ester (53c). 
Using bromo-(2-methoxyphenyl)magnesium (1 mol/L in THF, 2.9 mL, 2.90 mmol), the same 
procedure as the preparation of 53b was performed to give impure 53c as a pale yellow oil. 
2) 4-(2-Methoxybenzoyl)piperidine-1-carboxylic acid hydrochloride (54c). 
Using 53c (616 mg, 1.92 mmol)The same procedure as the preparation of 54b was performed to 
give 54c as an amorphous (148 mg, 27 %). 
MS (ESI) m/z: 220 (M+H)+. 
3) 6-[4-(2-Methoxybenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2- 
phenyl-ethyl)amide (62c). 
Using 54c (132 mg, 0.516 mmol) and 61a (117 mg, 0.516 mmol), the same procedure as the 
preparation of 62k was performed to give 62c as a colorless solid (20.8 mg, 9 %). 
Mp: 131-132 °C.1H NMR (400MHz, DMSO-d6): δ 8.61(1H, t, J=6.3 Hz), 7.82(1H, d, J=9.8 Hz), 
7.54(1H, dd, J=7.9,7.9 Hz), 7.46(1H, d, J=7.8 Hz), 7.47-7.45(5H, m), 7.25(1H, dd, J=7.1, 7.1 Hz), 
7.19(1H, d, J=8.6 Hz), 7.04(1H, dd, J=7.2, 7.2 Hz), 7.26(1H, d, J=7.4 Hz), 4.80-4.78(1H, m), 
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4.47-4.43(2H, m), 3.90(3H, s), 3.61-3.53(2H, m), 3.44-3.38(1H, m), 3.20-3.14(2H, m), 
1.92-1.89(2H, m), 1.53-1.48(2H, m). MS (ESI) m/z: 461 (M+H)+. 
 
6-[4-(2-Trifluoromethoxybenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2- 
phenyl-ethyl)amide (62d). 
1) 4-(Hydroxy-2-trifluoromethoxyphenyllmethyl)piperidine-1-carboxylic acid tert-butyl ester 
(53d). 
Using 1-bromo-2-trifluoromethoxybenzene (1.58 mL, 9.75 mmol), the same procedure as the 
preparation of 53a was performed to give 53d as a yellow oil (3.53 g, quantitative yield). 
1H NMR (400MHz, CDCl3): δ 7.56(1H, dd, J=5.7, 3.7 Hz), 7.34-7.32(2H, m), 7.25-7.22(1H, m), 
4.83(1H, d, J=7.1 Hz), 4.15-4.10(3H, m), 2.68-2.62(2H, m), 1.92-1.73(4H, m), 1.45(9H, s). MS 
(FAB) m/z: 376 (M+H)+. 
2) 4-(2-Trifluoromethoxybenzoyl)piperidine-1-carboxylic acid hydrochloride (54d). 
Using 53d (3.53g, 8.86 mmol), the same procedure as the preparation of 54b was performed to 
give impure 54d as an off-white solid (1.21 g, 47%). 
MS (ESI) m/z: 274 (M+H)+. 
3) 6-[4-(2-Trifluoromethoxybenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy- 
2-phenyl-ethyl)amide (62d). 
Using 54d (100 mg, 0.323 mmol) and 61a (92.2 mg, 0.339 mmol), the same procedure as the 
preparation of 62k was performed to give 62d as an off-white solid (70.5 mg, 42 %). 
Mp: 127-129 °C. 1H NMR (400MHz, DMSO-d6): δ 8.60(1H, t, J=5.9 Hz), 7.85-7.81(2H, m), 
7.72(1H, t, J=7.8 Hz), 7.57(1H, t, J=8.2 Hz), 7.53(1H, d, J=8.6 Hz), 7.40-7.32(5H, m), 7.26(1H, t, 
J=7.0 Hz), 5.61(1H, d, J=4.3 Hz), 4.80-4.77(1H, m), 4.49(2H, d, J=14.1 Hz), 3.62-3.48(2H, m), 
3.44-3.37(1H, m), 3.17(2H, t, J=11.4 Hz), 1.89(2H, d, J=11.7 Hz), 1.58-1.48(2H, m). 13C-NMR 
(100MHz, DMSO-d6): δ 202.5, 162.9, 159.9, 145.1, 144.2, 133.2, 132.1, 129.8, 128.0, 127.9, 
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127.1, 126.2, 126.0, 121.8, 121.2, 118.6, 112.7, 71.1, 46.7, 46.4, 43.8, 26.8. MS (ESI) m/z: 515 
(M+H)+. 
 
6-[4-Benzoylpiperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-phenyl-ethyl)amide  
(62e). 
Using 4-benzoylpiperidine hydrochloride (54e, 87.0 mg, 0.390 mmol) and 61a (107 mg, 0.385 
mmol), the same procedure as the preparation of 62k was performed to give 62e as an off-white 
solid (18.0 mg, 11 %). 
1H NMR(400MHz, DMSO-d6): δ 8.57(1H, t, J=5.8 Hz), 8.02(2H, d, J=8.2 Hz), 7.81(1H, dd, J=9.6, 
1.8Hz), 7.65(1H, t, J=7.4 Hz), 7.55(2H, t, J=7.7 Hz), 7.38-7.30(5H, m), 7.23(1H, t, J=6.4 Hz), 
5.60(1H, d, J=4.3 Hz), 4.79-4.77(1H, m), 4.51(2H, d, J=13.3 Hz), 3.82(1H, t, J=11.5 Hz), 
3.59-3.55(1H, m), 3.43-3.36(1H, m), 3.23(2H, t, J=12.3 Hz), 1.90(2H, d, J=13.2 Hz), 
1.61-1.53(2H, m). MS (ESI) m/z: 431 (M+H)+. 
 
6-[4-(4-Fluorobenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-phenyl- 
ethyl)amide (62f). 
Using 4-(4-fluorobenzoyl)piperidin p-toluenesulfonate (54f, 1.41 g, 3.14 mmol) and 61a (1.01 g, 
3.64 mmol), the same procedure as the preparation of 62k was performed to give 62f as a beige 
solid (488 mg, 35 %). 
Mp: 206-208 °C. 1H NMR(400MHz, DMSO-d6): δ 8.58(1H, t, J=5.7 Hz), 8.13-8.10(2H, m), 
7.80(1H, d, J=9.8 Hz), 7.41-7.28(7H, m), 7.26-7.21(1H, m), 5.62(1H, d, J=3.1 Hz), 4.80-4.74(1H, 
m), 4.51(2H, d, J=12.5 Hz), 3.85-3.76(1H, m), 3.62-3.54(1H, m), 3.43-3.37(1H, m), 3.22(2H, t, 
J=12.7 Hz), 1.89(2H, d, J=12.5 Hz), 1.61-1.50(2H, m). MS (ESI) m/z: 449 (M+H)+. 
 
6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [2-(2-fluorophenyl)-2- 
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hydroxyethyl]amide (62g). 
1) 2-Amino-1-(2-fluorophenyl)ethanol (56g). 
To a solution of 2-fluorobenzaldehyde (55g, 1.25 g, 10.1 mmol) in CH2Cl2 was slowly added Et3N 
(0.16 mL, 11.1 mmol) and TMSCN (1.40 mL, 10.1 mmol) at room temperature. After 22 h, the 
mixture was concentrated in vacuo, and to the crude was added BH3 (1 mol/L in THF solution, 50 
mL) at 0 °C. The mixture was stirred at room temperature for 21 h, added MeOH and 1N HCl, and 
concentrated. The residue was diluted with CH2Cl2, saturated aqueous NaHCO3 and 1N NaOH. 
The organic layer was dried over Na2SO4, and concentrated. Purification of the residue on SiO2 
(CH2Cl2/MeOH) yielded 385 mg (25 %) of 56g as a colorless oil. 
1H NMR (400MHz, CDCl3): δ 7.53(1H, dt, J=10.5, 3.7 Hz), 7.28-7.23(1H, m), 7.16(1H, dt, J=10.4, 
3.8 Hz), 7.04-6.99(1H, m), 4.96(1H, dd, J=7.5, 4.0 Hz), 3.11(1H, dd, J=2.3, 2.4 Hz), 2.80(1H, dd, 
J=13.1, 7.2 Hz). 
2) 6-Chloropyridazine-3-carboxylic acid [2-(2-fluorophenyl)-2-hydroxyethyl]amide (61g). 
Using 56g (385 mg, 2.48 mmol), the same procedure as the preparation of 61k was performed to 
give 61g as a brown solid (350 mg, 48 %). 
1H NMR (500MHz, CDCl3): δ 8.40(1H, brs), 8.27(1H, d, J=8.8 Hz), 7.69(1H, d, J=8.8 Hz), 
7.56(1H, dd, J=6.9, 6.9 Hz), 7.31-7.26(1H, m), 7.16(1H, dd, J=7.6, 7.6 Hz), 7.05(1H, dd, J=9.5, 
9.5 Hz), 5.31(1H, t, J=3.7 Hz), 3.99-3.94(1H, m), 3.79-3.74(1H, m). MS (ESI) m/z: 296 (M+H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [2-(2-fluorophenyl)-2- 
hydroxyethyl]amide (62g). 
Using 54b (105 mg, 0.438 mmol) and 61g (118 mg, 0.398 mmol), the same procedure as the 
preparation of 62k was performed to give 62g as a beige solid (95.7 mg, 45 %). 
Mp: 143-144 °C. 1H NMR (400MHz, CDCl3): δ 8.25(1H, brs), 7.99(1H, d, J=9.3 Hz), 
7.60-7.55(2H, m), 7.39(1H, t, J=7.5 Hz), 7.30-7.23(3H, m), 7.14(1H, t, J=7.5 Hz), 7.02(1H, t, 
J=9.8 Hz), 6.99(1H, d, J=9.3 Hz), 5.29-5.26(1H, m), 4.51-4.46(2H, m), 3.99(1H, d, J=4.3 Hz), 
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3.95-3.89(1H, m), 3.76-3.70(1H, m), 3.45-3.37(1H, m), 3.27-3.20(2H, m), 2.43(3H, s), 2.00(2H, 
dd, J=13.1, 2.9 Hz), 1.87-1.76(2H, m). 13C-NMR (100MHz, CDCl3): δ 206.0, 165.4, 160.0, 159.3 
143.7, 137.8, 137.6, 132.0, 131.1, 129.1, 128.8, 127.7, 127.4, 126.9, 125.7, 124.3, 115.1, 112.0, 
68.7, 46.6, 46.2, 44.5, 27.4, 20.8. MS (ES) m/z: 463 (M+H)+. Anal. Calcd. for C26H27FN4O3･
2/5H2O: C, 66.48; H, 5.97; N, 11.93; F, 4.04. Found: C, 66.62; H, 5.82; N, 12.05; F, 4.14. 
 
6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [2-(3-fluorophenyl)-2- 
hydroxyethyl]amide (62h). 
1) 2-Amino-1-(3-fluorophenyl)ethanol (56h). 
Using 3-fluorobenzaldehyde (55h, 1.26 g, 10.2 mmol), the same procedure as the preparation of 
56g was performed to give 56h as colorless oil (123 mg, 7.8 %). 
1H NMR (400MHz, CDCl3): δ 7.34-7.28(1H, m), 7.13-7.09(1H, m), 6.96(1H, dt, J=12.0, 4.2 Hz), 
4.63(1H, dd, J=7.5, 3.9 Hz), 3.03(1H, dd, J=12.9, 3.9 Hz), 2.78(1H, dd, J=12.9, 7.9 Hz). 
2) 6-Chloropyridazine-3-carboxylic acid [2-(3-fluorophenyl)-2-hydroxyethyl]amide (61h). 
Using 56h (123 mg, 0.793 mmol), the same procedure as the preparation of 61k was performed to 
give 61h as a pale brown solid (219 mg, 93 %). 
1H NMR (400MHz, DMSO-d6): δ 9.10(1H, t, J=5.8 Hz), 8.22(1H, d, J=9.0 Hz), 8.11(1H, d, J=8.6 
Hz), 7.39-7.34(1H, m), 7.21-7.17(2H, m), 7.10-7.05(1H, m), 5.74(1H, d, J=4.7 Hz), 4.89-4.85(1H, 
m), 3.61-3.55(1H, m), 3.52-3.45(1H, m). MS (ESI) m/z: 296 (M+H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [2-(3-fluorophenyl)-2- 
hydroxyethyl]amide (62h). 
Using 54b (101 mg, 0.422 mmol) and 61h (113 mg, 0.383 mmol), the same procedure as the 
preparation of 62k was performed to give 62h as a colorless solid (79.9 mg, 45 %). 
Mp: 135-136 °C. 1H NMR (500MHz, CDCl3): δ 8.25(1H, t, J=6.1 Hz), 7.99(1H, d, J=9.8 Hz), 
7.55(1H, d, J=6.9 Hz), 7.39(1H, t, J=7.5 Hz), 7.34-7.26(3H, m), 7.18-7.15(2H, m), 6.99(1H, d, 
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J=9.8 Hz), 6.97(1H, t, J=6.8 Hz), 4.99-4.96(1H, m), 4.51-4.47(2H, m), 3.90-3.85(1H, m), 3.66(1H, 
d, J=3.9 Hz), 3.64-3.58(1H, m), 3.44-3.38(1H, m), 3.24(2H, t, J=11.5 Hz), 2.43(3H, s), 2.01(2H, 
dd, J=13.5, 3.0 Hz), 1.86-1.78(2H, m). MS (ESI) m/z: 463 (M+H)+. 
 
6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [2-(4-fluorophenyl)-2- 
hydroxyethyl]amide (62i). 
1) 6-Chloropyridazine-3-carboxylic acid [2-(4-fluorophenyl)-2-hydroxyethyl]amide (61i). 
Using 2-amino-1-(4-fluorophenyl)ethanol hydrochloride (58i, 841 mg, 4.39 mmol), the same 
procedure as the preparation of 61k was performed to give 61i as an off-white solid (801 mg, 
62 %). 
1H NMR (400MHz, CDCl3): δ 8.42(1H, brs), 8.28(1H, d, J=9.0 Hz), 7.70(1H, d, J=9.0 Hz), 
7.41(2H, dd, J=8.5, 5.2 Hz), 7.08(2H, dd, J=4.3, 4.3 Hz), 4.99(1H, d, J=7.1 Hz), 3.93-3.87(1H, m), 
3.67-3.61(1H, m), 2.93(1H, s). MS (ESI) m/z: 296 (M+H)+. 
2) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [2-(4-fluorophenyl)-2- 
hydroxyethyl]amide (62i). 
Using 54b (80.0 mg, 0.334 mmol) and 61i (100 mg, 0.338 mmol), the same procedure as the 
preparation of 62k was performed to give 62i as a beige solid (81.0 mg, 53 %). 
Mp: 148-158 °C. 1H NMR (400MHz, DMSO-d6): δ 8.60(1H, t, J=5.7 Hz), 7.81(1H, dd, J=9.2, 1.3 
Hz), 7.75(1H, d, J=7.5 Hz), 7.46-7.31(6H, m), 7.16(1H, d, J=7.4 Hz), 7.14(1H, d, J=8.6 Hz), 
5.66(1H, dd, J=4.3, 1.2 Hz), 4.82-4.76(1H, m), 4.48(2H, d, J=14.1 Hz), 3.63-3.52(2H, m), 
3.46-3.37(1H, m), 3.18(2H, t, J=12.1 Hz), 2.33(3H, s), 1.87(2H, d, J=14.5 Hz), 1.89-1.85(2H, m). 
MS (ESI) m/z: 463 (M+H)+. 
 
6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-pyridin- 
2-ylethyl)amide (62j). 
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1) 2-Amino-1-pyridin-2-yl-ethanol dihydrochloride (58j). 
Using 2-acetylpyridine (57j, 1.37 mL, 12.4 mmol), the same procedure as the preparation of 58k 
was performed to give 58j as a pale yellow solid (835 mg, 49 %). 
1H NMR (400MHz, DMSO-d6): δ 8.54(1H, d, J=4.3 Hz), 8.16(2H, brs), 7.86(1H, dt, J=10.9, 3.8 
Hz), 7.58(1H, d, J=7.8 Hz), 7.34(1H, dd, J=6.8, 4.9 Hz), 6.32(1H, d, J=5.0 Hz), 6.32-6.31(1H, m), 
3.24(1H, d, J=9.7 Hz), 2.94(1H, dd, J=10.9, 11.0 Hz). MS (FAB) m/z: 139 (M+H)+. 
2) 6-Chloropyridazine-3-carboxylic acid (2-hydroxy-2-pyridin-2-ylethyl)amide (61j). 
Using 58j (343 mg, 2.48 mmol), the same procedure as the preparation of 61k was performed to 
give 61j as a pale yellow solid (150 mg, 22 %). 
1H NMR (400MHz, CDCl3): δ 8.57(1H, d, J=4.7 Hz), 8.45(1H, brs), 8.24(1H, d, J=8.6 Hz), 
7.73(1H, dt, J=10.8, 3.8 Hz), 7.67(1H, d, J=8.6 Hz), 7.67(1H, d, J=8.6 Hz), 7.27-7.23(1H, m), 
5.03-4.99(1H, m), 4.73(1H, d, J=5.5 Hz), 4.09-4.03(1H, m), 3.80-3.73(1H, m). MS (ESI) m/z: 279 
(M+H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [(2-hydroxy-2-pyridin- 
2-ylethyl)amide (62j). 
Using 54b (67.7 mg, 0.282 mmol) and 61j (74.9 mg, 0.269 mmol), the same procedure as the 
preparation of 62k was performed to give 62j as a pale yellow solid (14.2 mg, 12 %). 
Mp: 139-141 °C. 1H NMR (400MHz, CDCl3): δ 8.55(1H, d, J=4.3 Hz), 8.26(1H, t, J=6.0 Hz), 
7.96(1H, d, J=9.8 Hz), 7.72-7.68(1H, m), 7.55(1H, d, J=7.1 Hz), 7.46(1H, d, J=7.9 Hz), 
7.41-7.37(1H, m), 7.30-7.27(1H, m), 7.22-7.19(1H, m), 6.97(1H, d, J=9.4 Hz), 5.01-4.97(1H, m), 
4.85(1H, d, J=5.5 Hz), 4.50-4.46(2H, m), 4.04-3.98(1H, m), 3.81-3.74(1H, m), 3.44-3.37(1H, m), 
3.25-3.18(2H, m), 2.42(3H, s), 2.02-1.98(2H, m), 1.86-1.76(2H, m). MS (ESI) m/z: 446 (M+H)+.  
 
6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-pyridin- 
3-ylethyl)amide (62k). 
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1) 2-Amino-1-pyridin-3-yl-ethanol dihydrochloride (58k). 
To a solution of 3-acetylpyridine (57k, 2.32 mL, 21.1 mmol) in 4N HCl (EtOAc solution, 50 mL) 
was added NCS (3.66 g, 27.4 mmol) at room temperature. After 16 h, the reaction mixture was 
cooled at 0 °C, and the precipitate was collected by filtration, washed with EtOAc to give the 
2-chloro-1-(3-pyridyl)ethanone hydrochloride as a colorless solid (3.79 g, 93 %). 
1H NMR (400MHz, DMSO-d6): δ 9.23(1H, brs), 8.93(1H, brs), 8.52(1H, brs), 7.80(1H, brs), 
5.29(2H, s). MS (EI) m/z: 155 M+. 
To a solution of 2-chloro-1-(3-pyridyl)ethanone hydrochloride (3.79 mL, 19.7 mmol) in MeOH 
(24 mL) and H2O (12 mL) was added NaBH4 (1.02 g, 25.6 mmol) at 0 °C. The mixture was stirred 
at room temperature for 4 h, and diluted with EtOAc. The organic layer was washed with saturated 
aqueous NaHCO3 and brine, dried over Na2SO4, and concentrated to give the 2-chloro-1-(3- 
pyridyl)ethanol as a yellow oil (3.29 g, quantitative yield).  
1H NMR (400MHz, CDCl3): δ 8.64-8.58(2H, m), 7.78(1H, d, J=7.8 Hz), 7.35-7.32(1H, m), 
4.99-4.96(1H, m), 3.78(1H, dd, J=11.3, 3.9 Hz), 3.68(1H, dd, J=11.3, 3.9 Hz), 3.08(1H, brs). 
A mixture of 2-chloro-1-(3-pyridyl)ethanol (3.29 g, 19.7 mmol) and 30% NH4OH (aq) (60 mL), in 
MeOH (33 mL) was refluxed for 4.5 h. The mixture was concentrated in vacuo, and the residue 
was added conc. HCl (3.6 mL). The mixture was recrystallized by EtOH to give 58k as a pale red 
solid (2.60 g, 63 %). 
1H NMR (400MHz, DMSO-d6): δ 8.90(1H, s), 8.86(1H, d, J=5.5 Hz), 8.56(1H, s), 8.29(2H, brs), 
8.06-8.01(1H, m), 5.17(1H, t, J=3.7 Hz), 3.25-3.19(1H, m), 3.09-3.03(1H, m). MS (FAB) m/z: 139 
(M+H)+. 
2) 6-Chloropyridazine-3-carboxylic acid (2-hydroxy-2-pyridine-3-ylethyl)amide (61k). 
A suspension of 6-oxo-1,6-dihydropyridazine-3-carboxylic acid monohydrate (59, 3.77 g, 23.1 
mmol) and DMF (1.0 mL) in SOCl2 (17 mL) and CHCl3 (6.0 mL) was heated at 50 °C for 7 h. The 
resulting black solution was concentrated, coevaporated with toluene, dried in vacuo, and 
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dissolved in CH2Cl2 (60 mL). This solution was slowly added to a solution of 
2-amino-1-pyridin-3-yl-ethanol dihydrochloride (58k, 4.88 g, 23.1 mmol) and Et3N (32 mL) in 
DMF (60 mL) at 0 °C. The reaction mixture was warmed to room temperature, stirred for 14 h, 
diluted with CH2Cl2 and saturated aqueous NaHCO3, and partitioned in a separatory funnel. The 
aqueous layer was extracted with CH2Cl2. The organic layers were dried over Na2SO4 and 
concentrated. The residue purified by chromatography on SiO2 (CH2Cl2/MeOH) and trituration in 
iPr2O/hexane to give 1.39 g (22 %) of 61k as an off-white solid. 
1H NMR (400MHz, DMSO-d6): δ 9.16(1H, t, J=5.9 Hz), 8.55(1H, d, J=2.0 Hz), 8.46(1H, dd, 
J=4.9, 1.8 Hz), 8.20(1H, d, J=9.0 Hz), 8.20(1H, d, J=9.0 Hz), 7.77(1H, dt, J=7.8, 1.8 Hz), 7.35(1H, 
dd, J=7.7, 4.5 Hz), 5.76(1H, d, J=4.7 Hz), 4.90(1H, dd, J=11.3, 6.3 Hz), 3.60-3.56(2H, m). MS 
(ESI) m/z: 279 (M+H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-pyridin- 
3-ylethyl)amide (62k). 
A suspension of 54b (2.43 g, 10.1 mmol), 61k (2.83 g, 10.1 mmol), and iPr2NEt (5.3 mL, 30 
mmol) in n-butanol (30 mL) was heated to reflux for 23 h, cooled to room temperature, and 
concentrated. The residue was triturated in CH2Cl2/iPr2O, and collected by filtration. The collected 
solid was purified by chromatography on SiO2 (CH2Cl2/MeOH) and was further purified by 
trituration in CH2Cl2/iPr2O to give 3.63 g (80 %) of 62k as an off-white solid. 
Mp: 147-148 °C. 1H NMR (400MHz, CDCl3): δ 8.66(1H, d, J=2.0 Hz), 8.54(1H, d, J=4.7 Hz), 
8.29(1H, t, J=6.0 Hz), 7.98(1H, d, J=9.8 Hz), 7.78(1H, d, J=7.8 Hz), 7.56(1H, d, J=7.0 Hz), 
7.39(1H, dd, J=7.4, 7.4 Hz), 7.31-7.27(3H, m), 6.99(1H, d, J=9.8 Hz), 5.05-5.03(1H, m), 
4.50-4.46(2H, m), 4.06(1H, s), 3.92-3.86(1H, m), 3.69-3.62(1H, m), 3.44-3.38(1H, m), 3.24(2H, t, 
J=11.2 Hz), 2.43(3H, s), 2.01(2H, dd, J=13.3, 2.7 Hz), 1.87-1.77(2H, m). 13C-NMR (100MHz, 
CDCl3): δ 206.0, 164.9, 160.0, 149.1, 147.8, 143.7, 137.8, 137.6, 137.4, 133.8, 132.0, 131.1, 127.4, 
126.9, 125.7, 123.5, 112.1, 71.8, 47.6, 46.1, 44.5, 27.4, 20.8. MS (ESI) m/z: 446 (M+H)+. Anal. 
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Calcd. for C25H27N5O3･1/3H2O: C, 66.50; H, 6.18; N, 15.51. Found: C, 66.55; H, 6.11; N, 15.37. 
 
6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-pyridin- 
4-ylethyl)amide (62l). 
1) 2-Amino-1-pyridin-4-yl-ethanol dihydrochloride (58l). 
Using 4-acetylpyridine (57l, 1.39 mL, 12.4 mmol), the same procedure as the preparation of 58k 
was performed to give 58l as an amorphous (1.73 g, 66 %). 
1H NMR (500MHz, DMSO-d6): δ 8.89(2H, d, J=6.3 Hz), 8.28(2H, brs), 8.01(2H, d, J=6.3 Hz), 
5.18-5.15(1H, m), 3.25-3.20(1H, m), 2.99-2.93(1H, m). MS (ESI) m/z: 139 (M+H)+. 
2) 6-Chloropyridazine-3-carboxylic acid (2-hydroxy-2-pyridin-4-ylethyl)amide (61l). 
Using 58l (401 mg, 1.90 mmol), the same procedure as the preparation of 61k was performed to 
give 61l as a pale yellow solid (69.4 mg, 13 %). 
1H NMR (400MHz, CDCl3): δ 8.61(2H, d, J=6.2 Hz), 8.44(1H, brs), 8.27(1H, d, J=9.0 Hz), 
7.71(1H, d, J=9.0 Hz), 7.37(2H, d, J=6.2 Hz), 5.03(1H, d, J=6.7 Hz), 4.00-3.93(1H, m), 
3.69-3.62(1H, m). MS (ESI) m/z: 279 (M+H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [(2-hydroxy-2-pyridin- 
4-ylethyl)amide (62l). 
Using 54b (62.7 mg, 0.262 mmol) and 61l (69.4 mg, 0.249 mmol), the same procedure as the 
preparation of 62k was performed to give 62l as a pale brown solid (11.3 mg, 10 %). 
Mp: 140-142 °C. 1H NMR (500MHz, CDCl3): δ 8.58(2H, dd, J=4.4, 1.5 Hz), 8.26(1H, t, J=5.9 Hz), 
7.97(1H, d, J=9.8 Hz), 7.56(1H, d, J=6.9 Hz), 7.39(1H, t, J=7.5 Hz), 7.35(2H, d, J=5.9 Hz), 
7.28(1H, t, J=7.3 Hz), 6.99(1H, d, J=9.8 Hz), 4.99(1H, d, J=5.4 Hz), 4.51-4.47(2H, m), 4.06(1H, 
s), 3.94-3.89(1H, m), 3.66-3.59(1H, m), 3.66-3.59(1H, m), 3.24(2H, t, J=12.0 Hz), 2.43(3H, s), 
2.01(2H, d, J=10.7 Hz), 1.86-1.78(2H, m). MS (ESI) m/z: 446 (M+H)+. 
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6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-thiophen- 
3-ylethyl)amide (62m). 
1) 2-Amino-1-thiophen-3-yl-ethanol dihydrochloride (58m). 
Using 3-acetylthiophene (57m, 2.57 g, 20.0 mmol), the same procedure as the preparation of 58k 
was performed to give impure 58m as an amorphous (927 mg, 25 %). 
MS (FAB) m/z: 144 (M+H)+. 
2) 6-Chloropyridazine-3-carboxylic acid (2-hydroxy-2-thiophen-3-ylethyl)amide (61m). 
Using 58m (733 mg, 5.12 mmol), the same procedure as the preparation of 61k was performed to 
give 61m as a pale brown solid (269 mg, 19 %). 
1H NMR (400MHz, DMSO-d6): δ 9.05(1H, t, J=5.4 Hz), 8.24(1H, d, J=9.0 Hz), 8.12(1H, d, J=9.0 
Hz), 7.48(1H, dd, J=5.1, 3.1 Hz), 7.38(1H, d, J=3.1 Hz), 7.12(1H, dd, J=5.0, 1.1 Hz), 5.59(1H, d, 
J=5.0 Hz), 4.92-4.88(1H, m), 3.67-3.61(1H, m), 3.54-3.48(1H, m). MS (ESI) m/z: 282 (M-H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [(2-hydroxy-2- 
thiophen-3-ylethyl)amide (62m). 
Using 54b (94.6 mg, 0.395 mmol) and 61m (102 mg, 0.359 mmol), the same procedure as the 
preparation of 62k was performed to give 62m as a colorless solid (59.3 mg, 34 %). 
Mp: 128-129 °C. 1H NMR (400MHz, DMSO-d6): δ 8.58(1H, t, J=5.9 Hz), 7.83(1H, d, J=9.8 Hz), 
7.75(1H, d, J=6.7 Hz), 7.49(1H, dd, J=4.8, 3.0 Hz), 7.44(1H, t, J=7.6 Hz), 7.38-7.31(4H, m), 
7.13(1H, d, J=5.1 Hz), 5.59(1H, d, J=4.7 Hz), 4.87-4.83(1H, m), 4.48(2H, d, J=13.3 Hz), 
3.67-3.55(2H, m), 3.49-3.43(1H, m), 3.19(2H, t, J=12.5 Hz), 2.33(3H, s), 1.88(2H, d, J=2.4 Hz), 
1.59-1.49(2H, m). 13C-NMR (100MHz, DMSO-d6): δ 206.4, 162.9, 159.9, 145.0, 144.1, 137.7, 
136.6, 131.4, 130.9, 127.7, 126.3, 126.2, 126.0, 125.8, 120.9, 112.6, 67.7, 45.9, 45.5, 43.9, 27.0, 
20.2. MS (ESI) m/z: 451 (M+H)+. Anal. Calcd. for C24H26N4O3S･1/2H2O: C, 62.72; H, 5.92; N, 
12.19; S, 6.98. Found: C, 62.94; H, 5.74; N, 12.34; S, 7.22. 
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6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid (2-hydroxy-2-thiophen- 
2-ylethyl)amide (62n). 
1) 2-Amino-1-thiophen-2-yl-ethanol dihydrochloride (58n). 
Using 2-acetylthiophene (57n, 2.57 g, 20.0 mmol), the same procedure as the preparation of 58k 
was performed to give impure 58n as a brown oil (1.40 g, 39 %). 
MS (FAB) m/z: 144 (M+H)+. 
2) 6-Chloropyridazine-3-carboxylic acid (2-hydroxy-2-thiophen-2-ylethyl)amide (61n). 
Using 58n (389 mg, 2.75 mmol), the same procedure as the preparation of 61k was performed to 
give 61n as a pale brown solid (212 mg, 27 %). 
1H NMR (400MHz, DMSO-d6): δ 9.15(1H, t, J=5.5 Hz), 8.24(1H, d, J=9.0 Hz), 8.12(1H, d, J=9.0 
Hz), 7.42(1H, dd, J=4.6, 1.2 Hz), 7.01-6.97(2H, m), 5.96(1H, d, J=5.0 Hz), 5.12-5.07(1H, m), 
3.67-3.61(1H, m), 3.59-3.52(1H, m). MS (ESI) m/z: 284 (M+H)+. 
3) 6-[4-(2-Methylbenzoyl)piperidin-1-yl]pyridazine-3-carboxylic acid [(2-hydroxy-2- 
thiophen-2-ylethyl)amide (62n). 
Using 54b (88.1 mg, 0.368 mmol) and 61n (94.8 mg, 0.334 mmol), the same procedure as the 
preparation of 62k was performed to give 62n as an off-white solid (49.5 mg, 33 %). 
Mp: 129-132 °C. 1H NMR (400MHz, CDCl3): δ 8.30(1H, brs), 8.00(1H, d, J=9.8 Hz), 7.56(1H, d, 
J=7.4 Hz), 7.40(1H, t, J=7.6 Hz), 7.31-7.26(3H, m), 7.05(1H, d, J=3.1 Hz), 7.01-6.98(2H, m), 
5.22(1H, brs), 4.51-4.48(2H, m), 3.99-3.92(1H, m), 3.78-3.72(1H, m), 3.52(1H, brs), 3.45-3.39(1H, 
m), 3.24(2H, t, J=13.9 Hz), 2.43(3H, s), 2.03-1.99(2H, m), 1.87-1.77(2H, m). 13C-NMR (100MHz, 
CDCl3): δ 206.0, 164.8, 160.0, 145.6, 144.0, 137.8, 137.6, 131.9, 131.1, 127.4, 127.0, 126.8, 125.7, 
124.9, 124.0, 112.0, 70.2, 47.5, 46.2, 44.5, 27.4, 20.8. MS (ESI) m/z: 451 (M+H)+. Anal. Calcd. for 






1) tert-Butyl N,N-bis(2-bromoethyl)carbamate (64). 
To a solution of 2-(2-hydroxyethylamino)ethanol (63, 8.31 g, 79.0 mmol) in CH2Cl2 (80 mL) was 
added Boc2O (19.0 g, 86.9 mmol) in CH2Cl2 (30 mL) at 0 °C. The reaction mixture was stirred for 
2 h, and concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave 15.5 g (96 %) 
of tert-butyl N,N-bis(2-hydroxyethyl)carbamate as a colorless oil. 
1H NMR (400MHz, CDCl3): δ 3.81(4H, brs), 3.44(4H, brs), 1.47(9H, s). 
To a solution of tert-butyl N,N-bis(2-hydroxyethyl)carbamate (4.76 g, 23.2 mmol) and Et3N (9.69 
mL, 69.6 mmol) in CH2Cl2 (50 mL) was added methylsulfonyl chloride (5.38 mL, 69.6 mmol) at 
-78 °C. The reaction mixture was stirred for 30 min, poured into H2O, extracted with EtOAc. The 
organic layer was washed with brine, dried over Na2SO4, and concentrated to give the crude of 
tert-butyl N,N-bis(2-methylsulfonylethyl)carbamate as a yellow oil (8.67 g, quantitative yield). 
1H NMR (400MHz, CDCl3): δ 4.40-4.33(4H, m), 3.62(4H, t, J=5.2Hz), 3.04(6H, s), 1.48(9H, s). 
To a solution of LiBr (11.3 g, 130 mmol) in THF (50 mL) was added the crude of the mesylate 
(2.60 g, 6.48 mmol) compound at room temperature. The reaction mixture was stirred for 16 h, and 
concentrated. The residue was extracted with hexane, washed with H2O and brine, dried over 
Na2SO4, and concentrated to give 64 as a yellow oil (0.90 g, 42%). 
1H NMR (400MHz, CDCl3): δ 3.72-3.61(2H, m), 3.55-3.43(2H, m), 1.48(9H, s). 
2) Spiro[indane-2,4'-piperidine]-1-one hydrochloride (66a). 
To a solution of indan-1-one (240 mg, 1.81 mmol) and 64 (0.900 g 2.72 mmol) in DMF was added 
NaH (198 mg, 4.53 mmol) at room temperature. The reaction mixture was stirred at 50 °C for 7 h, 
and diluted with EtOAc. The organic layer was washed with saturated aqueous NH4Cl, H2O and 
brine, dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 
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(hexane/EtOAc) gave 164 mg (30 %) of tert-butyl 1-oxospiro[indane-2,4'-piperidine]-1'- 
carboxylate as a yellow oil. 
1H NMR (500MHz, CDCl3): δ 7.77(1H, d, J=7.8 Hz), 7.61(1H, dd, J=7.1, 7.1 Hz), 7.47(1H, d, 
J=7.8 Hz), 7.39(1H, dd, J=7.4, 7.4 Hz), 3.64(1H, s), 3.41(1H, t, J=4.6 Hz), 3.08(2H, s), 
3.08-3.01(2H, m), 1.94-1.88(2H, m), 1.48(9H, s), 1.39(2H, d, J=13.7 Hz). 
A mixture of the spiro compound thus prepared (164 mg, 0.544 mmol) and 4N HCl in 1,4-dioxane 
(2.0 mL) was stirred at room temperature for 1.5 h and concentrated. The residue was triturated in 
iPr2O, collected by filtration, and dried in vacuo to give 121 mg (94 %) of 66a as a yellow solid. 
1H NMR (400MHz, DMSO-d6): δ 7.74(1H, dd, J=7.5, 7.5 Hz), 7.70(1H, d, J=7.9 Hz), 7.60(1H, d, 
J=7.4 Hz), 7.47(1H, dd, J=7.4, 7.4 Hz), 3.35(2H, d, J=12.9 Hz), 3.18(2H, s), 3.05(2H, t, J=12.9 
Hz), 1.95(2H, t, J=13.3 Hz), 1.59(2H, d, J=14.1 Hz). MS (ESI) m/z: 202 (M+H)+. 
3) N-(2-Hydroxy-2-phenyl-ethyl)-6-(1-oxospiro[indane-2,4'-piperidin]-1'-yl)pyridazine-3- 
carboxamide (74). 
Using 66a (61.9 mg, 0.260 mmol) and 61a (72.2 mg, 0.260 mmol), the same procedure as the 
preparation of 62k was performed to give 74 as an off-white solid (80.2 mg, 70 %). 
Mp: 113-115 °C. 1H NMR (400MHz, DMSO-d6): δ 8.61(1H, t, J=5.8 Hz), 7.84(1H, d, J=9.8 Hz), 
7.74(1H, t, J=7.5 Hz), 7.69(1H, d, J=7.4 Hz), 7.63(1H, d, J=7.9 Hz), 7.49-7.32(6H, m), 7.25(1H, t, 
J=7.2 Hz), 5.62(1H, d, J=4.7 Hz), 4.81-4.78(1H, m), 4.52(2H, d, J=13.7 Hz), 3.63-3.57(1H, m), 
3.45-3.40(1H, m), 3.34-3.26(2H, m), 3.26(2H, s), 1.77(2H, t, J=10.8 Hz), 1.51(2H, d, J=12.5 Hz). 




1) Spiro[piperidine-4,2'-tetralin]-1'-one hydrochloride (66b). 
Using tetralin-1-one (883 mg, 6.04 mmol) and 64 (2.60 g, 7.85 mmol), the same procedure as the 
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preparation of 66a was performed to give 66b as a pale yellow solid (185 mg, 11%). 
1H NMR (500MHz, DMSO-d6): δ 8.78(1H, brs), 7.88(1H, d, J=7.8 Hz), 7.57(1H, dd, J=7.3, 7.3 
Hz), 7.36(2H, dd, J=7.8, 7.8 Hz), 3.33(2H, s), 3.14(2H, brs), 3.00(2H, t, J=6.4 Hz), 2.08(2H, t, 
J=6.1 Hz), 2.06-2.00(2H, m), 1.73-1.68(2H, m). MS (EI) m/z: 215 M+. 
2) N-(2-Hydroxy-2-phenyl-ethyl)-6-(1'-oxospiro[piperidine-4,2'-tetralin]-1-yl)pyridazine-3- 
carboxamide (75). 
Using 66b (94.7 mg, 0.376 mmol) and 61a (104 mg, 0.376 mmol), the same procedure as the 
preparation of 62k was performed to give 75 as a colorless solid (97.6 mg, 57 %). 
Mp: 162-164 °C. 1H NMR (400MHz, CDCl3): δ 8.28(1H, t, J=4.5 Hz), 8.04(1H, dd, J=8.0, 1.3 Hz), 
7.99(1H, d, J=9.8 Hz), 7.52-7.48(1H, m), 7.44-7.42(2H, m), 7.38-7.24(4H, m), 6.97(1H, d, J=9.4 
Hz), 4.99-4.95(1H, m), 4.02-3.96(2H, m), 3.90-3.81(3H, m), 3.67-3.60(1H, m), 3.42(1H, t, J=2.8 
Hz), 3.05(2H, t, J=6.3 Hz), 2.20-2.14(2H, m), 2.11(2H, t, J=6.2 Hz), 1.70-1.63(2H, m). MS (ESI) 




1) tert-Butyl 4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate (68j). 
Using 1-(2-hydroxyphenyl)ethanone (67j, 15.1 mL, 125 mmol), the same procedure as the 
preparation of 68a was performed to give 68j as a white solid (36.5 g, 92 %). 
1H-NMR (400 MHz, CDCl3):δ 7.88 (1H, dd, J=7.9, 1.5 Hz), 7.53-7.49 (1H, m), 7.04-6.98 (2H, m), 
3.93-3.81 (2H, m), 3.27-3.16 (2H, m), 2.73 (2H, s), 2.05-2.01 (2H, m), 1.65-1.58 (2H, m), 1.46 
(9H, s). MS (ESI) m/z: 316 (M-H)+. 
2) Spiro[chromane-2,4'-piperidine]-4-one (72j). 
A mixture of 68j (3.36 g, 10.59 mmol) and 4N HCl in 1,4-dioxane (30 mL) was stirred at room 
temperature for 2 h, and concentrated. The residue was triturated in Et2O, collected by filtration, 
and dried in vacuo to give 2.61 g (97 %) of 72j as a colorless solid. 
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1H NMR (400MHz, DMSO-d6): δ 9.11(1H, brs), 8.91(1H, brs), 7.76(1H, dd, J=7.8, 1.5 Hz), 
7.65-7.61(1H, m), 7.15(1H, d, J=7.8 Hz), 7.10(1H, dd, J=7.4, 7.4 Hz), 3.19(2H, d, J=12.1 Hz), 




Using 72j (108 mg, 0.338 mmol) and 61a (118 mg, 0.466 mmol), the same procedure as the 
preparation of 62k was performed to give 76j as a pale yellow solid (45.3 mg, 25 %). 
Mp: 226-228 °C. 1H NMR (400MHz, CDCl3): δ 8.28(1H, t, J=5.9 Hz), 8.02(1H, d, J=9.7 Hz), 
7.91(1H, dd, J=7.8, 2.0 Hz), 7.56-7.52(1H, m), 7.45-7.42(2H, m), 7.39-7.35(2H, m), 7.32-7.27(1H, 
m), 7.08-7.01(3H, m), 4.99-4.95(1H, m), 4.30(2H, d, J=12.9 Hz), 3.91-3.85(1H, m), 3.67-3.52(2H, 





1) tert-Butyl 4-hydroxy-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate  
(69j). 
Using 68j (36.5 g, 115 mmol), the same procedure as the preparation of 69a was performed to give 
69j as a yellow oil (36.8 g, quantitative yield). 
1H-NMR (400 MHz, CDCl3): δ 7.44 (1H, d, J=6.7 Hz), 7.22 (1H, t, J=7.9 Hz), 6.96 (1H, t, J=7.4 
Hz), 6.87 (1H, d, J=8.2 Hz), 4.89 (1H, dd, J=13.9, 6.9 Hz), 3.92-3.78 (2H, m), 3.86 (2H, brs), 
3.30-3.15 (2H, m), 2.15 (1H, dd, J=13.6, 5.9 Hz), 1.98-1.93 (1H, m), 1.91 (1H, dd, J=13.7, 7.8 Hz), 
1.82-1.75 (2H, m), 1.70-1.53 (2H, m), 1.47 (9H, s). MS (ESI) m/z: 316 (M-H)+. 
2) tert-Butyl 1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate (70j). 
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By using the similar procedure described for 70a, 69j (36.8 g, 115 mmol) provided 25.9 g (75 %) 
of 70j as a pale yellow oil. 
 1H-NMR (400 MHz, CDCl3): δ 7.12 (1H, dt, J=10.7, 3.8 Hz), 6.99 (1H, dd, J=7.4, 1.5 Hz), 6.86 
(1H, dt, J=10.2, 3.7 Hz), 6.83 (1H, d, J=8.2 Hz), 6.39 (1H, d, J=9.8 Hz), 5.54 (1H, d, J=9.8 Hz), 
3.91-3.76 (2H, m), 3.33-3.27 (2H, m), 2.00-1.97 (2H, m), 1.63-1.56 (2H, m), 1.47 (9H, s). 
3) Spiro[chromene-2,4'-piperidine] hydrochloride (73j). 
Using 70j, the same procedure as the preparation of 72j was performed to give 73j. 
1H NMR (400MHz, CDCl3): δ 7.14-7.10(1H, m), 6.99(1H, d, J=5.9 Hz), 6.88-6.82(2H, m), 
6.38(1H, d, J=9.8 Hz), 5.61(1H, d, J=9.8 Hz), 3.18-3.12(2H, m), 2.98-2.88(2H, m), 2.67-2.58(2H, 
m), 2.01(2H, d, J=12.9 Hz), 1.76-1.69(2H, m) (as a free base). MS (ESI) m/z: 202 (M+H)+. 
4) N-(2-Hydroxy-2-phenyl-ethyl)-6-spiro[chromene-2,4'-piperidine]-1'-yl-pyridazine-3- 
carboxamide (77j). 
Using 73j (858 mg, 4.26 mmol) and 61a (1.18 g, 4.26 mmol), the same procedure as the 
preparation of 62k was performed to give 77j as a colorless solid (1.59 g, 84 %). 
Mp: 108-110 °C. 1H NMR (400MHz, DMSO-d6): δ 8.59(1H, t, J=5.7 Hz), 7.82(1H, d, J=9.4 Hz), 
7.39-7.37(3H, m), 7.32(2H, t, J=7.7 Hz), 7.24(1H, d, J=7.0 Hz), 7.13(1H, t, J=7.8 Hz), 7.08(1H, d, 
J=6.6 Hz), 6.87(2H, t, J=7.4 Hz), 6.48(1H, d, J=9.7 Hz), 5.77(1H, d, J=9.8 Hz), 5.61(1H, d, J=4.3 
Hz), 4.81-4.76(1H, m), 4.21(2H, d, J=13.3 Hz), 3.62-3.49(2H, m), 3.45-3.37(1H, m), 




1) 3,4-Dihydrospiro[chromene-2,4'-piperidine] hydrochloride (71j). 
By using the similar procedure described for 71a, 70j (10.6 g, 28.6 mmol) provided 6.59 g of 71j 
(78 %) as a white solid.  
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1H-NMR (400 MHz, DMSO-d6): δ 9.04 (1H, brs), 7.11-7.08 (2H, m), 6.86-6.81 (2H, m), 3.19-3.16 
(2H, m), 3.09-3.04 (2H, m), 2.77-2.73 (2H, m), 1.91-1.79 (6H, m). 
2) N-(2-Hydroxy-2-phenyl-ethyl)-6-spiro[chromane-2,4'-piperidine]-1'-yl-pyridazine-3- 
carboxamide (78j). 
Using 71j (67.0 mg, 0.330 mmol) and 61a (91.5 mg, 0.330 mmol), the same procedure as the 
preparation of 62k was performed to give 78j as a colorless solid (71.9 mg, 49 %). 
Mp: 160-163 °C. 1H NMR (400MHz, DMSO-d6): δ 8.60(1H, dd, J=5.7, 5.7 Hz), 7.83(1H, d, J=9.4 
Hz), 7.41-7.39(3H, m), 7.34(2H, dd, J=7.4, 7.4 Hz), 7.26(1H, dd, J=7.2, 7.2 Hz), 7.09(2H, dd, 
J=7.4, 7.5 Hz), 6.84(2H, dd, J=7.4, 7.5 Hz), 5.62(1H, d, J=4.3 Hz), 4.82-4.78(1H, m), 4.24(2H, d, 
J=13.3 Hz), 3.63-3.57(1H, m), 3.51-3.38(3H, m), 2.76(2H, t, J=6.9 Hz), 1.84-1.80(4H, m), 
1.72-1.65(2H, m). MS (ESI) m/z: 445 (M+H)+. Anal. Calcd. for C26H28N4O3･1/3H2O: C, 69.31; H, 




1) 1-(2-Hydroxy-6-trifluoromethylphenyl)ethanone (67a). 
To a mixture of tert-BuOK (29.6 g, 264 mmol) in hexane (330 mL) were successively added 
n-BuLi (2.6 mol/L in hexane, 200 mL), TMEDA (79.7 mL, 528 mmol), and 
3-trifluoromethylphenol (81, 31.5 mL, 264 mmol) at -78 °C. The reaction mixture was warmed to 
0 °C, kept at 0 °C for 30 min, and then cooled to -78 °C, quenched with dry ice, warmed to 0 °C, 
diluted with H2O (260 mL), and stirred at room temperature. The aqueous mixture was extracted 
with hexane, acidified with 12N HCl (154 mL, slow addition) at 0 °C, and extracted with CH2Cl2. 
The combined CH2Cl2 layers were dried over Na2SO4 and concentrated. Chromatography of the 
residue on SiO2 (CH2Cl2/iPrOH) to give 33.4 g (61 %) of 2-hydroxy-6-trifluoromethylbenzoic acid 
as a white solid. 
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1H NMR (400MHz, CDCl3): δ 10.5(1H, brs), 7.57(1H, t, J=8.0 Hz), 7.38(1H, d, J=7.8 Hz), 
7.26(1H, d, J=8.6 Hz). MS (ESI) m/z: 205 (M-H). 
To a mixture of 2-hydroxy-6-trifluoromethylbenzoic acid (33. 4 g, 162 mmol) in MeOH (200 mL) 
and EtOAc (20 mL) was slowly added trimethylsilyldiazomethane (2 mol/L in hexane, 200 mL) at 
0 °C. The reaction mixture was stirred at 0 °C for 2 h and at room temperature for an additional 2 h, 
cooled to 0 °C, quenched by slow addition of acetic acid (28 mL) in EtOAc (60 mL), and 
concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave 2-hydroxy-6- 
trifluoromethylbenzoic acid methyl ester, which was coevaporated with toluene (pale yellow oil, 
33.3 g, 93 %). 
1H NMR (400MHz, CDCl3): δ 10.6(1H, s), 7.50(1H, t, J=8.1 Hz), 7.32(1H, d, J=7.8 Hz), 7.22(1H, 
d, J=8.6 Hz), 3.99(3H, s). 
To a mixture of methylmagnesium bromide (3.0 mol/L in Et2O, 80 mL) and Et3N (34 mL, 245 
mmol) in toluene (80 mL) was added 2-hydroxy-6-trifluoromethylbenzoic acid methyl ester (14.7 
g, 62.7 mmol) in toluene (80 mL) at 0 °C. The reaction mixture was warmed to room temperature, 
stirred for 1.5 h, quenched with saturated aqueous NH4Cl, and filtered through a pad of Celite.  
The filtrate was diluted with EtOAc and H2O and partitioned in a separatory funnel. The separated 
organic layer was washed with brine, dried over Na2SO4, and concentrated. Chromatography of the 
residue on SiO2 (hexane/EtOAc) gave 7.50 g (55 %) of 67a as a yellow solid. 
1H NMR (400MHz, CDCl3): δ 9.28(1H, s), 7.46(1H, t, J=8.0Hz), 7.28(1H, d, J=7.1 Hz), 7.18(1H, 
d, J=9.0 Hz), 2.64(3H, s). 
2) tert-Butyl 4-oxo-5-trifluoromethyl-3,4-dihydro-1’H-spiro(chromene-2,4’-piperidine)-1’- 
carboxylate (68a).  
A solution of 67a (25.5 g, 125 mmol) and pyrrolidine (10.4 mL, 129 mmol) in 1-propanol (300 
mL) was heated at 70 °C for 30 min. After the addition of 4-oxo-piperidine-1-carboxylic acid (24.8 
g, 125 mmol), the reaction mixture was heated to reflux for 19 h and concentrated. The residue 
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was diluted with EtOAc, washed with saturated aqueous NaHCO3 and brine, and concentrated.  
Chromatography of the residue on SiO2 (hexane/EtOAc) gave 33.7 g (70 %) of 68a as an orange 
oil. 
1H NMR (400MHz, CDCl3): δ 7.55(1H, t, J=8.0 Hz), 7.41(1H, d, J=7.8 Hz), 7.23(1H, d, J=8.2 Hz), 
3.88(2H, brs), 3.22(2H, t, J=12.7 Hz), 2.80(2H, s), 2.01(2H, d, J=13.7 Hz), 1.69-1.61(2H, m), 
1.47(9H, s). 
3) tert-Butyl 4-hydroxy-5-trifluoromethyl-3,4-dihydro-1’H-spiro(chromene-2,4’-piperidine)- 
1’-carboxylate (69a). 
A solution of 68a (33.7 g, 94.0 mmol) in MeOH (350 mL) was added NaBH4 (4.97 g, 131 mmol) 
at 0 °C. The reaction mixture was warmed to room temperature, stirred for 1 h, and concentrated.  
The residue was diluted with EtOAc, washed with saturated aqueous NaHCO3 and brine, dried 
over Na2SO4, and concentrated to give 33.9 g (quantitative yield) of 69a as a yellow oil. 
1H NMR (400MHz, CDCl3): δ 7.32(1H, t, J=8.0 Hz), 7.27(1H, d, J=3.5 Hz), 7.11(1H, d, J=7.9 Hz), 
5.20(1H, dd, J=7.0, 4.0 Hz), 3.83(2H, brs), 3.36(1H, brs), 3.16(1H, t, J=11.0 Hz), 2.34(1H, d, 
J=15.3 Hz), 2.29(1H, brs), 2.21(1H, dd, J=14.4, 3.2 Hz), 1.98(1H, dd, J=14.4, 4.7 Hz), 
1.74-1.71(3H, m), 1.47(9H, s). MS (ESI) m/z: 386 (M-H)+. 
4) tert-Butyl 5-trifluoromethyl- -1’H-spiro(chromene-2,4’-piperidine)-1’-carboxylate (70a). 
To a solution of 69a (33.9 g, 87.5 mmol) and Et3N (36 mL, 260 mmol) in CH2Cl2 (350 mL) was 
slowly added methylsulfonyl chloride (8.1 mL, 104 mmol) at 0 °C. The reaction mixture was 
warmed to room temperature, stirred for 20 min, washed with saturated aqueous NaHCO3, dried 
over Na2SO4, and concentrated. The residue was dissolved in N-methylpyrrolidone (300 mL). To 
the solution was added DBU (16 mL, 107 mmol) at room temperature. The reaction mixture was 
heated at 100 °C and stirred for 16 h, cooled to room temperature, diluted with EtOAc, washed 
with saturated aqueous NaHCO3 and brine, dried over Na2SO4, and concentrated.  
Chromatography of the residue on SiO2 (hexane/EtOAc) gave 29.2 g (90 %) of 70a as a pale 
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yellow oil. 
1H NMR (400MHz, CDCl3): δ 7.20-7.19(2H, m), 7.03(1H, dd, J=5.9, 3.5 Hz), 6.70(1H, dd, J=10.2, 
1.9 Hz), 5.71(1H, d, J=10.2 Hz), 3.85(2H, brs), 3.28(2H, t, J=11.4 Hz), 1.99(2H, d, J=13.3 Hz), 
1.67-1.60(2H, m), 1.47(9H, s). MS (ESI) m/z: 368 (M-H)+. 
5) 5-Trifluoromethyl-3,4-dihydro-1’H-spiro(chromene-2,4’-piperidine)-1’-carboxylate  
hydrochloride (71a). 
A suspension of 70a (33.1 g, 89.6 mmol), 1N HCl (90 mL) and Pd/C (10 wt%, 3.4 g) in EtOH 
(330 mL) was treated with H2 gas at room temperature for 5 days. The reaction mixture was 
filtered through a pad of Celite and concentrated to give 29.5 g (89 %) of the reduced compound 
(tert-butyl 5-trifluoromethyl-3,4-dihydro-1’H-spiro(chromene-2,4’-piperidine)-1’-carboxylate) as 
a white solid. A mixture of the reduced compound thus prepared (29.5 g, 79.4 mmol) and 4N HCl 
in 1,4-dioxane (100 mL) was stirred at room temperature for 1 h and concentrated. The residue 
was triturated in Et2O, collected by filtration, and dried in vacuo to give 27.5 g (quantitative yield) 
of 71a as a white solid. 
1H NMR (400MHz, DMSO-d6): δ 8.94(1H, brs), 8.80(1H, brs), 7.34(1H, t, J=7.8 Hz), 7.28(1H, d, 
J=7.1 Hz), 7.18(1H, d, J=7.8 Hz), 3.34(2H, s), 3.20(2H, d, J=13.3 Hz), 3.09(2H, brs), 2.88(2H, t, 
J=6.8 Hz), 1.92-1.84(4H, m). 
6) N-(2-Hydroxy-2-pyridin-3-ylethyl)-6-[5-(trifluoromethyl)-3,4-dihydro-1'H-spiro 
[chromene-2,4'-piperidin]-1'-yl]pyridazine-3-carboxamide (79a). 
Using 71a (1.6 g, 5.20 mmol) and 61k (1.39 g, 4.99 mmol), the same procedure as the preparation 
of 62k was performed to give 79a as a colorless solid (1.26 g, 49 %). 
Mp: 188-190 °C. 1H NMR (400MHz, DMSO-d6): δ 8.72(1H, dd, J=5.8, 5.9 Hz), 8.55(1H, d, J=2.0 
Hz), 8.46(1H, dd, J=4.7, 1.6 Hz), 7.81(1H, d, J=9.4 Hz), 7.78(1H, dt, J=8.0, 1.8 Hz), 7.40(1H, d, 
J=9.8 Hz), 7.36(1H, dd, J=7.8, 4.7 Hz), 7.32(1H, d, J=7.8 Hz), 7.26(1H, d, J=7.0 Hz), 7.17(1H, d, 
J=7.8 Hz), 5.78(1H, d, J=4.7 Hz), 4.87(1H, dd, J=11.4, 5.4 Hz), 4.25(2H, d, J=12.9 Hz), 
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3.63-3.45(4H, m), 2.88(2H, t, J=6.6 Hz), 1.90(2H, t, J=6.6 Hz), 1.83(2H, d, J=13.7 Hz), 
1.76-1.69(2H, m). 13C-NMR (100MHz, DMSO-d6): δ 163.0, 160.0, 153.9, 148.3, 147.7, 144.1, 
138.6, 133.9, 128.0, 127.8, 127.6, 126.2, 123.3, 121.9, 119.7, 117.6, 112.6, 73.1, 69.1, 46.1, 40.3, 
33.2, 29.7, 17.9. MS (ESI) m/z: 514 (M+H)+. Anal. Calcd. for C26H26F3N5O3･1/2H2O: C, 59.76; H, 




1) 1-(2-Chloro-6-hydroxyphenyl)ethanone (67b). 
A suspension of 3-chlorophenol (12.4 g, 96.5 mmol), diethylcarbamic chloride (14. 7 mL, 116 
mmol), and potassium carbonate (20.0 g, 145 mmol) in CH3CN (180 mL) was heated at 70 °C for 
13.5 h. The reaction mixture was diluted with H2O and extracted with EtOAc. The organic layer 
was washed with brine, dried over Na2SO4, and concentrated. Chromatography of the residue on 
SiO2 (hexane/EtOAc) gave 21.9 g (quantitative yield) of 3-Chlorophenyl diethylcarbamate (82b) 
as a yellow oil. 
1H-NMR (400M Hz, CDCl3): δ 7.29(1H, dd, J=8.4, 8.4 Hz), 7.19-7.17(2H, m), 7.06-7.03(1H, m), 
3.45-3.36(4H, m), 1.28-1.19(6H, m). MS (ESI) m/z: 228 (M+H)+. 
To a solution of n-BuLi (2.66 mol/L in hexane, 35 mL) in THF (80 mL) was slowly added a 
solution of 3-Chlorophenyl diethylcarbamate (82b, 16.3 g, 71.6 mmol) in THF (50 mL) for a 
period of 30 min at -78 °C. After 30 min, acetic anhydride (8.8 mL, 93.0 mmol) was rapidly added 
to the reaction mixture at -78 °C. The resulting mixture was stirred at -78 °C for an additional 2 h, 
poured onto the mixture of EtOAc and saturated aqueous NH4Cl, and partitioned in a separatory 
funnel. The separated organic layer was washed with brine, dried over Na2SO4, and concentrated. 
Chromatography of the residue on SiO2 (hexane/EtOAc) gave 7.10g (37 %) of 2-acetyl-3- 
chlorophenyl diethylcarbamate as a yellow oil. 
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1H-NMR (400M Hz, CDCl3): δ 7.34-7.23(1H, m), 7.19-7.17(1H, m), 7.06-7.03(1H, m), 
3.45-3.34(4H, m), 2.56(3H, s), 1.62-1.54(6H, m). MS (ESI) m/z: 270 (M+H)+. 
To a solution of 2-acetyl-3-chlorophenyl diethylcarbamate (7.10 g, 26.3 mmol) in CH2Cl2 (70 mL) 
was added TiCl4 (1.0 mol/L solution in CH2Cl2, 32 mL) at 0 °C. The reaction mixture was warmed 
to room temperature and stirred for 13 h. The resulting dark red solution was cooled to 0 °C, 
diluted with H2O, warmed to room temperature, stirred for 15 min, and filtered through a pad of 
Celite. The filtrate was extracted with CH2Cl2. The organic layer was washed with brine, dried 
over Na2SO4, and concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave 2.84 
g (63 %) of 67b as a green oil. 
1H-NMR (400M Hz, CDCl3): δ 12.4(1H, s), 7.31(1H, dd, J=8.2, 8.2 Hz), 6.98(1H, dd, J=7.8, 1.2 
Hz), 6.92(1H, dd, J=8.3, 1.1 Hz), 2.86(3H, s). MS (ESI) m/z: 169 (M-H)+. 
2) Ethyl 5-chloro-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate  
(68b). 
To a mixture of 67b (4.84 g, 28.4 mmol) in EtOH (100 mL) was added pyrrolidine (2.4 mL, 28 
mmol) at 0 °C. After 20 min, ethyl 4-oxopiperidine-1-carboxylate (4.86 g, 28.4 mmol) was added 
to the reaction mixture at 0 °C. The reaction mixture was warmed to room temperature, stirred for 
20h, and concentrated. The residue was diluted with EtOAc, washed with 1N HCl, saturated 
aqueous NaHCO3, and brine; dried over Na2SO4, and concentrated. Chromatography of the residue 
on SiO2 (hexane/EtOAc) gave 3.17 g (34 %) of 68b as a brown oil. 
1H-NMR (400 MHz, CDCl3): δ 7.36 (1H, dd, J=8.0, 8.0 Hz), 7.04 (1H, dd, J=7.9, 1.2 Hz), 6.94 
(1H, dd, J=8.4, 1.0 Hz), 4.13 (2H, q, J=7.3 Hz), 4.00-3.93 (2H, m), 3.26 (2H, t, J=12.7 Hz), 2.76 
(2H, s), 2.05-1.95 (2H, m), 1.68-1.60 (2H, m), 1.26 (3H, t, J=7.0 Hz). 
3) 5-Chloro-3,4-dihydrospiro[chromene-2,4’-piperidine] (71b). 
To a solution of 68b (3.17 g, 9.79 mmol) in MeOH/THF (1:1, 30 mL) was added NaBH4 (370 mg, 
9.79 mmol) at room temperature. To complete the reaction, an additional amount of NaBH4 (1.5 g) 
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was added in portion. The reaction mixture stirred for 6 h, diluted with EtOAc and H2O, and 
partitioned in a separatory funnel. The separated organic layer was washed with H2O and brine, 
dried over Na2SO4, and concentrated. Chromatography of the residue on SiO2 (hexane/ EtOAc) 
gave 2.17 g (68 %) of ethyl 5-chloro-4-hydroxy-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]- 
1'-carboxylate as a yellow solid. 
1H-NMR (400 MHz, CDCl3): δ 7.16 (1H, t, J=8.0 Hz), 6.98 (1H, dd, J=7.8, 1.2 Hz), 6.84 (1H, dd, 
J=8.2, 0.8 Hz), 5.03-5.01 (1H, m), 4.14 (2H, q, J=7.2 Hz), 4.02-3.89 (1H, m), 3.88-3.75 (1H, m), 
3.44-3.35 (1H, m), 3.16-3.07 (1H, m), 2.75 (1H, d, J=1.6 Hz), 2.26-2.14 (2H, m), 2.02-1.97 (2H, 
m), 1.75-1.66 (2H, m), 1.26 (3H, t, J=7.0 Hz).  
To a solution of ethyl 5-chloro-4-hydroxy-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'- 
carboxylate (763 mg, 2.34 mmol) in CH2Cl2 (20 mL) were slowly added Et3SiH (3.7 mL, 23 
mmol) BF3·OEt2 (1.8 mL, 14 mmol) at room temperature. The reaction mixture was heated to 
40 °C, stirred for 3 h and cooled to 0 °C, diluted with saturated aqueous NaHCO3, and extracted 
with CH2Cl2. The organic layer was dried over Na2SO4 and concentrated. Chromatography of the 
residue on SiO2 (hexane/EtOAc) gave 690 mg (95%) of ethyl 5-chloro-3,4-dihydro-1'H-spiro 
[chromene-2,4'-piperidine]-1'-carboxylate as a colorless oil. 
1H-NMR (400 MHz, CDCl3): δ 7.06 (1H, t, J=8.0 Hz), 6.95 (1H, dd, J=7.8, 1.2 Hz), 6.78 (1H, dd, 
J=8.2, 1.2 Hz), 4.15 (2H, q, J=7.3 Hz), 3.99-3.87 (2H, m), 3.27-3.21 (2H, m), 2.78 (2H, t, J=6.8 
Hz), 1.85-1.78 (4H, m), 1.59-1.51 (2H, m), 1.27 (3H, t, J=7.1 Hz). 
A mixture of ethyl 5-chloro-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate (1.22 
g, 3.94 mmol) and KOH (2.21 g, 39.4 mmol) in EtOH/H2O (3:1, 48 mL) was heated to reflux for 3 
days. The organic solvent was removed by evaporation. The aqueous mixture was extracted with 
CH2Cl2. The organic layer was dried over Na2SO4 and concentrated. Chromatography of the 
residue on SiO2 (CH2Cl2/MeOH) gave 890 mg (95 %) of 71b as a white wax. 
1H-NMR (400 MHz, CDCl3): δ 7.05 (1H, t, J=8.0 Hz), 6.93 (1H, d, J=7.9 Hz), 6.77 (1H, d, J=7.4 
137 
Hz), 3.12-3.06 (2H, m), 2.98-2.93 (2H, m), 2.79-2.73 (3H, m), 1.87-1.81 (4H, m), 1.69-1.62 (2H, 
m). MS (ESI) m/z: 238 (M+H)+. 
4) N-(2-Hydroxy-2-pyridin-3-ylethyl)-6-[5-chloro-3,4-dihydro-1'H-spiro[chromene-2,4'- 
piperidin]-1'-yl]pyridazine-3-carboxamide (79b). 
Using 71b (48.9 mg, 0.206 mmol) and 61k (47.7 mg, 0.171 mmol), the same procedure as the 
preparation of 62k was performed to give 79b as a colorless solid (55.7 mg, 68 %). 
Mp: 210-212 °C. 1H NMR (400MHz, DMSO-d6): δ 8.70(1H, t, J=5.7 Hz), 8.55(1H, d, J=2.0 Hz), 
8.46(1H, dd, J=4.9, 1.8 Hz), 7.81(1H, d, J=9.8 Hz), 7.78(1H, d, J=5.8 Hz), 7.42-7.34(2H, m), 
7.15(1H, dd, J=8.0, 8.0 Hz), 7.01(1H, d, J=7.9 Hz), 6.86(1H, d, J=8.3 Hz), 5.77(1H, d, J=4.7 Hz), 
4.87(1H, q, J=5.7 Hz), 4.24(2H, d, J=13.6 Hz), 3.63-3.43(4H, m), 2.73(2H, t, J=6.7 Hz), 1.89(2H, 
t, J=6.8 Hz), 1.80(2H, d, J=13.7 Hz), 1.74-1.73(2H, m). 13C-NMR (100MHz, DMSO-d6): δ 163.0, 
159.9, 154.1, 148.4, 147.8, 144.1, 138.6, 133.8, 133.6, 128.0, 126.2, 123.3, 120.5, 120.0, 116.0, 
112.6, 73.3, 69.1, 46.1, 40.3, 33.0, 30.1, 19.6. MS (ESI) m/z:480 (M+H)+. Anal. Calcd. for 




1) 1-(3,6-Difluoro-2-hydroxyphenyl)ethanone (67c) 
By using the similar procedure described for 67b, 2,5-difluorophenol (1.98 g, 5.23 mmol) and 
diethylcarbamic chrolide (2.1 mL, 17.0 mmol) provided 3.62 g of 2,5-difluorophenyl 
diethylcarbamate (82c, quantitative yield) as a colorless oil. 
1H-NMR (400M Hz, CDCl3): δ 7.13-7.07(1H, m), 7.01-6.97(1H, m), 6.90-6.85(1H, m), 
3.48-3.37(4H, m), 1.29-1.20(6H, m). MS (ESI) m/z: 230 (M+H)+. 
By using the similar procedure described for 67b, 2,5-difluorophenyl diethylcarbamate (82c, 3.62 
g, 15.2 mmol) provided 1.69 g of 2-acetyl-3,6-difluorophenyl diethylcarbamate (41 %) as a 
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colorless oil.  
1H-NMR (400 MHz, CDCl3): δ 7.22-7.16 (1H, m), 6.99-6.93 (1H, m), 3.44 (2H, q, J=7.2 Hz), 3.36 
(2H, q, J=7.2 Hz), 2.57 (3H, d, J=2.8 Hz), 1.27 (3H, t, J=7.1 Hz), 1.20 (3H, t, J=7.0 Hz). MS (ESI) 
m/z: 270 (M-H)+. 
By using the similar procedure described for 67b, 2-acetyl-3,6-difluorophenyl diethylcarbamate 
(1.69 g, 6.21 mmol) provided 1.28 g (quantitative yield) of 67c as a yellow oil. 
1H-NMR (400 MHz, CDCl3): δ 12.8(1H, s), 7.26-7.22(1H, m), 6.61-6.55(1H, m), 2.71(3H, d, 
J=7.4 Hz). MS (ESI) m/z: 171 (M-H)+. 
2) tert-Butyl 5,8-difluoro-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'- 
carboxylate (68c). 
By using the similar procedure described for 68a, 67c (1.28 g, 6.21 mmol) and tert-butyl 
4-oxopiperidine-1-carboxylate (1.24g, 6.21 mmol) provided 1.74 g of 68c (79 %) as a pale yellow 
oil. 
1H-NMR (400 MHz, CDCl3): δ 7.55 (1H, t, J=8.0 Hz), 7.41 (1H, d, J=7.8 Hz), 7.23 (1H, d, J=8.2 
Hz), 3.95-3.78(2H, m), 3.26-3.17 (2H, m), 2.80 (2H, s), 2.02-1.99(2H, m), 1.69-1.61 (2H, m), 1.47 
(9H, s). MS (FAB) m/z: 354 (M+H)+. 
3) tert-Butyl 5,8-difluoro-4-hydroxy-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'- 
carboxylate (69c). 
By using the similar procedure described for 69a, 68c (1.24 g, 3.51 mmol) provided 1.25 g of 69c 
(quantitative yield) as a colorless oil. 
1H-NMR (400 MHz, CDCl3): δ 7.02-6.96 (1H, m), 6.62-6.56 (1H, m), 5.10 (1H, t, J=6.0 Hz), 
3.98-3.74 (2H, m), 3.40-3.11 (2H, m), 2.43 (1H, s), 2.20-2.03 (3H, m), 1.84-1.62 (3H, m), 1.47 
(9H, s). MS (FAB) m/z: 356 (M+H)+. 
4) tert-Butyl 5,8-difluoro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate (70c). 
Using 69c (1.25 g, 3.51 mmol), the same procedure as the preparation of 70a was performed to 
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give 70c as a colorless oil (943 mg, 80 %). 
1H-NMR (400 MHz, CDCl3):δ 6.92-6.83 (1H, m), 6.62(1H, dd, J=10.1, 1.5 Hz), 6.56-6.50 (1H, m), 
5.65 (1H, d, J=10.2 Hz), 3.97-3.80 (2H, m), 3.37-3.24 (2H, m), 2.05-1.97 (2H, m), 1.70-1.59 (2H, 
m), 1.47 (9H, s). MS (FAB) m/z: 338 (M+H)+. 
5) 5,8-Difluoro-3,4-dihydrospiro[chromene-2,4’-piperidine] hydrochloride (71c). 
By using the similar procedure described for 71a, 70c (943 mg, 2.79 mmol) provided 602 mg of 
71c (78 %) as a white solid. 
1H-NMR (400 MHz, DMSO-d6): δ 9.06 (1H, brs), 7.16-7.10 (1H, m), 6.77-6.71 (1H, m), 3.25-3.18 
(2H, m), 3.06-2.96 (2H, m), 2.75-2.71 (2H, m), 1.97-1.86 (6H, m). 
6) N-(2-Hydroxy-2-pyridin-3-ylethyl)-6-[5,8-difluoro-3,4-dihydro-1'H-spiro[chromene-2,4'- 
piperidin]-1'-yl]pyridazine-3-carboxamide (79c). 
Using 71c (93.5 mg, 0.339 mmol) and 61k (91.8 mg, 0.329 mmol), the same procedure as the 
preparation of 62k was performed to give 79c as a colorless solid (118 mg, 74 %). 
Mp: 175-176 °C. 1H NMR (500MHz, CDCl3): δ 8.66(1H, s), 8.54(1H, d, J=4.4 Hz), 8.29(1H, t, 
J=5.7 Hz), 7.98(1H, d, J=9.8 Hz), 7.78(1H, d, J=7.8 Hz), 7.31-7.28(1H, m), 7.01(1H, d, J=9.7 Hz), 
6.92-6.87(1H, m), 6.56-6.52(1H, m), 6.56-6.52(1H, m), 4.34(2H, d, J=13.6 Hz), 4.02(1H, d, J=3.4 
Hz), 3.92-3.87(1H, m), 3.69-3.64(1H, m), 3.58(2H, t, J=12.0 Hz), 2.79(2H, t, J=6.9 Hz), 2.01(2H, 





1) 1-(2-Hydroxy-6-methylphenyl)ethanone (67d) 
By using the similar procedure described for 67a, ethyl 2-hydroxy-6-methylbenzoate (83, 15.5 g, 
86.1 mmol) provided 9.70 g (75 %) of 67d as a yellow oil. 
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1H-NMR (400 MHz, CDCl3): δ 12.3 (1H, s), 7.28 (1H, dd, J=7.6, 7.6 Hz), 6.84 (1H, d, J=8.2 Hz), 
6.73 (1H, d, J=7.0 Hz), 2.67 (3H, s), 2.60 (3H, s). 
2) tert-Butyl 5-methyl-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate 
(68d). 
By using the similar procedure described for 68a, 67d (9.70 g, 64.5 mmol) and tert-butyl 
4-oxopiperidine-1-carboxylate (12.9 g, 64.5 mmol) provided 16.4 g of 68d (77 %) as a red oil.  
1H-NMR (400 MHz, CDCl3):δ 7.33 (1H, t, J=7.8 Hz), 6.85 (1H, d, J=8.2 Hz), 6.79(1H, d, J=7.4 
Hz), 3.92-3.79 (2H, m), 3.27-3.16 (2H, m), 2.70 (2H, s), 2.62 (3H, s), 2.02-1.98 (2H, m), 1.63-1.56 
(2H, m), 1.46 (9H, s). 
3) tert-Butyl 4-hydroxy-5-methyl-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'- 
carboxylate (69d). 
By using the similar procedure described for 69a, 68d (8.03 g, 24.2 mmol) provided 6.57 g of 69d 
(81 %) as a pale yellow solid. 
1H-NMR (400 MHz, CDCl3): δ 7.13 (1H, t, J=7.9 Hz), 6.79 (1H, d, J=7.5 Hz), 6.74 (1H, d, 
J=8.2Hz), 4.95 (1H, dd, J=8.2, 4.7Hz), 3.90-3.79 (2H, m), 3.38-3.28 (1H, m), 3.16-3.08 (1H, m), 
3.33 (1H, t, J=13.3 Hz), 3.12 (1H, t, J=11.6 Hz), 2.43 (3H, s), 2.20-2.16 (1H, m), 2.09-2.06 (2H, 
m), 1.76-1.61 (4H, m), 1.47 (9H, s).  
4) tert-Butyl 5-methyl-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate (70d). 
Using 69d (6.57 g, 19.7 mmol), the same procedure as the preparation of 70a was performed to 
give 70d as a pale yellow oil (4.23 g, 68 %). 
1H-NMR (400 MHz, CDCl3): δ 7.14 (1H, t, J=8.0 Hz), 6.80 (1H, d, J=7.0 Hz), 6.75 (1H, d, J=8.2 
Hz), 6.70 (1H, t, J=7.8 Hz), 5.58 (1H, d, J=9.7 Hz), 5.29 (1H, dd, J=5.3, 2.2 Hz), 3.90-3.74 (2H, 
m), 3.37-3.32 (2H, m), 2.29 (3H, s), 2.02-1.92 (2H, m), 1.63-1.55 (2H, m), 1.47 (9H, s). 
5) 5-Methyl-3,4-dihydrospiro[chromene-2,4’-piperidine] hydrochloride (71d). 
By using the similar procedure described for 71a, 70d (413 mg, 1.31 mmol) provided 301 mg of 
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71d (91 %) as a white solid. 
1H-NMR (400 MHz, MeOH-d4): δ 7.00 (1H, dd, J=7.8, 7.8 Hz), 6.75 (1H, d, J=7.5 Hz), 6.71 (1H, 
d, J=8.2 Hz), 3.36-3.25 (4H, m), 2.71 (2H, t, J=6.8 Hz), 2.22 (3H, s), 2.07-2.02 (2H, m), 1.93 (2H, 
t, J=6.9 Hz), 1.88-1.79 (2H, m). MS (FAB) m/z: 218 (M+H)+. 
6) N-(2-Hydroxy-2-pyridin-3-ylethyl)-6-[5-methyl-3,4-dihydro-1'H-spiro[chromene-2,4'- 
piperidin]-1'-yl]pyridazine-3-carboxamide (79d). 
Using 71d and 61k, the same procedure as the preparation of 62k was performed to give 79d 
(77 %). 
1H NMR(400MHz, CDCl3): δ 8.66(1H, s), 8.53(1H, d, J=4.7 Hz), 8.31(1H, t, J=5.7 Hz), 7.96(1H, 
d, J=9.4 Hz), 7.79(1H, d, J=8.2 Hz), 7.31-7.27(1H, m), 7.05(1H, t, J=7.8 Hz), 6.99(1H, d, J=9.4 
Hz), 6.77(2H, t, J=7.0 Hz), 5.05-5.02(1H, m), 4.29(2H, d, J=12.6 Hz), 3.92-3.86(1H, m), 
3.69-3.62(1H, m), 3.55(2H, t, J=11.8 Hz), 2.67(2H, t, J=6.9 Hz), 2.24(3H, s), 1.97(2H, d, J=12.9 
Hz), 1.87(2H, t, J=6.9 Hz), 1.70-1.62(2H, m). 13C-NMR (100MHz, CDCl3): δ 165.1, 160.0, 152.9, 
149.1, 147.9, 143.5, 137.5, 137.4, 133.8, 127.0, 126.9, 123.5, 121.8, 120.0, 115.1, 111.9, 71.9, 
71.8, 47.6, 40.9, 33.8, 32.1, 19.3, 19.1. MS (ESI) m/z: 460 (M+H)+. Anal. Calcd. for C26H29N5O3･




1) tert-Butyl 5-fluoro-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate 
(68e). 
Using 1-(2-fluoro-6-hydroxy-phenyl)ethanone (67e, 1.0 g, 6.49 mmol), the same procedure as the 
preparation of 68a was performed to give 68e as a pale yellow oil (1.59 g, 73 %). 
1H-NMR (400 MHz, CDCl3): δ 7.46-7.40 (1H, m), 6.81 (1H, d, J=8.6 Hz), 6.73-6.68 (1H, m), 
3.94-3.81 (2H, m), 3.26-3.16 (2H, m), 2.72 (2H, s), 2.04-2.00 (2H, m), 1.67-1.59 (2H, m), 1.46 
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(9H, s). MS (FAB) m/z: 336 (M+H)+. 
2) tert-Butyl 5-fluoro-4-hydroxy-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'- 
carboxylate (69e). 
Using 68e (6.92 g, 20.6 mmol), the same procedure as the preparation of 69a was performed to 
give 69e as a yellow oil (6.86 g, 99 %). 
1H-NMR (400 MHz, CDCl3): δ 7.19-7.14 (1H, m), 6.71 (1H, d, J=8.6 Hz), 6.66 (1H, t, J=9.0 Hz), 
5.12-5.08 (1H, m), 3.91-3.73 (1H, m), 3.32-3.23 (1H, m), 3.18-3.09 (1H, m), 2.39-2.38 (1H, m), 
2.16-2.11 (1H, m), 2.05 (2H, s), 1.80-1.73 (1H, m), 1.70-1.62 (2H, m), 1.47(9H, s). 
3) tert-Butyl 5-fluoro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate (70e). 
Using 69e (6.86 g, 20.3 mmol), the same procedure as the preparation of 70a was performed to 
give 70e as a yellow oil (5.08 g, 78 %). 
1H-NMR (400 MHz, CDCl3): δ 7.08-7.02 (1H, m), 6.63 (1H, d, J=9.8 Hz), 6.64-6.58 (2H, m), 5.59 
(1H, d, J=9.8 Hz), 3.88-3.80 (2H, m), 3.33-3.24 (2H, m), 2.00-1.97 (2H, m), 1.66-1.58 (2H, m), 
1.47 (9H, s). 
4) 5-(Trifluoromethyl)-3,4-dihydrospiro[chromene-2,4’-piperidine] hydrochloride (71e). 
Using 70e (5.08 g, 15.9 mmol), the same procedure as the preparation of 71a was performed to 
give 71e as a colorless oil (3.76 g, 92 %). 
1H-NMR (400 MHz, DMSO-d6):δ 9.38 (1H, brs), 9.33 (1H, brs), 7.14-7.08 (1H, m), 6.71-6.68 (2H, 
m), 3.16-3.13 (2H, m), 3.06-2.95 (2H, m), 2.69-2.66 (2H, m), 1.92-1.78 (6H, m). 
5) N-(2-Hydroxy-2-pyridin-3-ylethyl)-6-[5-fluoro-3,4-dihydro-1'H-spiro[chromene-2,4'- 
piperidin]-1'-yl]pyridazine-3-carboxamide (79e). 
Using 71e (61.8 mg, 0.240 mmol) and 61k (56.0 mg, 0.200 mmol), the same procedure as the 
preparation of 62k was performed to give 79e as a colorless solid (39.5 mg, 43 %). 
Mp: 196-198 °C. 1H NMR (400MHz, DMSO-d6): δ 8.72(1H, dd, J=5.9, 5.9 Hz), 8.56(1H, d, J=2.0 
Hz), 8.46(1H, dd, J=4.9, 1.7 Hz), 7.82(1H, d, J=9.7 Hz), 7.79(1H, d, J=7.8 Hz), 7.39(1H, d, J=9.8 
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Hz), 7.38(1H, dd, J=9.2, 7.7 Hz), 7.14(1H, dd, J=15.3, 7.8 Hz), 6.73-6.69(2H, m), 5.80(1H, d, 
J=4.7 Hz), 4.88(1H, dd, J=11.1, 5.6 Hz), 4.25(2H, d, J=13.7 Hz), 3.64-3.52(2H, m), 3.50-3.38(2H, 
m), 2.70(2H, t, J=6.8 Hz), 1.86-1.81(4H, m), 1.74-1.67(2H, m). 13C-NMR (100MHz, DMSO-d6): δ 
163.0, 160.5, 159.9, 154.2, 148.4, 147.8, 144.1, 138.6, 133.8, 127.6, 126.2, 123.3, 112.9, 112.6, 
109.7, 106.2, 73.3, 69.1, 46.1, 40.3, 33.1, 29.5, 14.7. MS (ESI) m/z: 464 (M+H)+. Anal. Calcd. for 





1) 5-Fluorospiro[chromane-2,4'-piperidine]-4-one hydrochloride (72e). 
Using 68e (1.59 g, 4.75 mmol), the same procedure as the preparation of 72j was performed to 
give 72e as a pale yellow solid (1.28 g, 99 %). 
1H NMR (500MHz, DMSO-d6): δ 9.23(1H, brs), 9.01(1H, brs), 7.60(1H, dd, J=14.7, 8.3 Hz), 
6.99(1H, d, J=8.3 Hz), 6.87(1H, dd, J=10.9, 8.5 Hz), 3.18(2H, d, J=12.7 Hz), 3.12-3.05(2H, m), 
2.90(2H, s), 2.12(2H, d, J=14.2 Hz), 1.93(2H, t, J=12.2 Hz). MS (EI) m/z: 235 M+. 
2) N-(2-Hydroxy-2-phenyl-ethyl)-6-(5-fluoro-4-oxospiro[chromane-2,4'-piperidine]-1'-yl) 
pyridazine-3-carboxamide (76e). 
Using 72e (123 mg, 0.451 mmol) and 61a (125 mg, 0.451 mmol), the same procedure as the 
preparation of 62k was performed to give 76e as a pale yellow solid (158 mg, 73 %). 
1H NMR (400MHz, DMSO-d6): δ 8.28(1H, t, J=5.5 Hz), 8.03(1H, d, J=9.4 Hz), 7.49-7.41(3H, m), 
7.37(2H, dd, J=8.5, 7.0 Hz), 7.31(1H, d, J=7.0 Hz), 7.31(1H, d, J=7.0 Hz), 6.86(1H, d, J=8.6 Hz), 
6.74(1H, dd, J=9.2, 8.4 Hz), 4.97(1H, brs), 4.30(2H, d, J=13.7 Hz), 3.92-3.85(1H, m), 
3.67-3.60(1H, m), 3.55(2H, t, J=11.3 Hz), 3.35(1H, d, J=3.5 Hz), 2.76(2H, s), 2.21(2H, d, J=12.5 




Using 76e (158 mg, 0.331 mmol), the same procedure as the preparation of 80j was performed to 
give 80e as a colorless solid (76.9 mg, 49 %). 
Mp: 180-182 °C. 1H NMR (400MHz, CDCl3): δ 8.28(1H, t, J=5.9 Hz), 7.99(1H, d, J=9.4 Hz), 
7.43(2H, d, J=7.0 Hz), 7.36(2H, t, J=7.6 Hz), 7.30(1H, d, J=7.5 Hz), 7.23-7.17(1H, m), 6.99(1H, d, 
J=9.4 Hz), 6.74(1H, d, J=8.2 Hz), 6.69(1H, t, J=9.0 Hz), 5.15-5.12(1H, m), 4.99-4.95(1H, m), 
4.38(1H, d, J=12.9 Hz), 4.16(1H, d, J=13.7 Hz), 3.91-3.84(1H, m), 3.67-3.60(2H, m), 
3.48-3.41(1H, m), 3.35(1H, d, J=3.5 Hz), 2.41(1H, t, J=3.3 Hz), 2.39-2.34(1H, m), 2.14-2.04(2H, 
m), 1.98-1.93(1H, m), 1.87-1.76(2H, m). 13C-NMR (100MHz, CDCl3): δ 164.8, 162.2, 160.0, 
153.5, 143.9, 141.8, 129.9, 128.5, 127.8, 126.9, 125.9, 113.4, 112.8, 111.9, 107.2, 74.0, 73.4, 58.9, 
47.6, 41.0, 40.6 , 39.6, 35.4, 33.1. MS (ESI) m/z: 479 (M+H)+. Anal. Calcd. for C26H27FN4O4･




1) 1-(3-Fluoro-2-hydroxy-phenyl)ethanone (67f). 
To a solution of 2-fluorophenol (84, 4.59 mL, 50.0 mmol) in pyridine (4.0 mL) and CH2Cl2 (30 
mL) was added acetyl chlorie (3.55 mL, 50.0 mmol) at room temperature. After 45 min, the 
reaction mixture was added 1N HCl, and extracted with CH2Cl2. The organic layer was washed 
with brine, dried over Na2SO4, and concentrated. The crude (6.32 g), which was dissolved in 
1,2-dichlorobenzene (6.0 mL), was slowly added to a solution of AlCl3 (5.47 g, 0.410 mmol) in 
1,2-dichlorobenzene (8.0 mL). The mixture was refluxed for 21 h, diluted with CH2Cl2, poured 
into 1N HCl, and filtrered. The filtrate was extracted with CH2Cl2, dried over Na2SO4, and 
concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave 2.10 g (27 %, 2 steps) 
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of 67f. 
1H NMR (400MHz, CDCl3): δ 12.3(1H, s), 7.54(1H, d, J=8.2 Hz), 7.31(1H, d, J=8.6 Hz), 
6.88-6.83(1H, m), 2.66(3H, s). MS (ESI) m/z: 153 (M-H)+. 
2) tert-Butyl 8-fluoro-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate 
(68f). 
Using 67f (2.10 g, 13.6 mmol), the same procedure as the preparation of 68a was performed to 
give 68f as an orange oil (3.18 g, 70 %). 
1H NMR (400MHz, CDCl3): δ 7.65(1H, d, J=8.2 Hz), 7.33-7.28(1H, m), 6.97-6.92(1H, m), 
3.26(2H, brs), 2.76(2H, s), 2.06(2H, d, J=11.3 Hz), 1.67-1.60(4H, m), 1.46(9H, s). 
3) 8-Fluorospiro[chromane-2,4'-piperidine]-4-one hydrochloride (72f). 
Using 68f (1.44 g, 4.29 mmol), the same procedure as the preparation of 72j was performed to 
give 72f as a colorless solid (922 mg, 79 %). 
1H NMR (400MHz, DMSO-d6): δ 9.12(1H, brs), 7.63-7.57(2H, m), 7.11-7.06(1H, m), 3.36(2H, d, 
J=7.0 Hz), 3.22(2H, d, J=14.9 Hz), 3.05-3.01(2H, m), 2.16(2H, d, J=14.8 Hz), 2.00-1.93(2H, m). 
4) N-(2-Hydroxy-2-phenyl-ethyl)-6-(8-fluoro-4-oxospiro[chromane-2,4'-piperidine]-1'-yl) 
pyridazine-3-carboxamide (76f). 
Using 72f (81.5 mg, 0.300 mmol) and 61a (69.4 mg, 0.250 mmol), the same procedure as the 
preparation of 62k was performed to give 76f as a colorless solid (94.0 mg, 79 %). 
1H NMR (400MHz, DMSO-d6): δ 8.58(1H, s), 7.82(1H, d, J=9.8 Hz), 7.56(1H, d, J=7.8 Hz), 
7.40-7.23(7H, m), 7.04(1H, s), 5.58(1H, s), 4.77(1H, brs), 4.25(2H, brs), 3.57-3.55(1H, m), 
3.44-3.33(3H, m), 2.95(2H, s), 2.06-2.01(2H, m), 1.85-1.77(2H, m). MS (ESI) m/z: 477 (M+H)+. 
5) N-(2-Hydroxy-2-phenyl-ethyl)-6-(8-fluoro-4-hydroxyspiro[chromane-2,4'-piperidine]-1'- 
yl)pyridazine-3-carboxamide (80f). 
Using 76f (94 mg, 0.197 mmol), the same procedure as the preparation of 80j was performed to 
give 80f as a colorless solid (86.2 mg, 92 %). 
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Mp: 134-136 °C. 1H NMR (400MHz, DMSO-d6): δ 8.61(1H, t, J=5.9 Hz), 7.84(1H, d, J=9.4 Hz), 
7.42-7.39(3H, m), 7.34(2H, t, J=7.4 Hz), 7.28-7.25(2H, m), 7.11(1H, t, J=9.1 Hz), 6.93-6.87(1H, 
m), 5.63(1H, d, J=4.7 Hz), 5.55(1H, d, J=5.9 Hz), 4.82-4.73(2H, m), 4.24(2H, d, J=12.9 Hz), 
3.63-3.57(1H, m), 3.53-3.46(1H, m), 3.45-3.32(2H, m), 2.17(1H, dd, J=13.4, 6.1 Hz), 1.99(1H, d, 




1) tert-Butyl 5-methoxy-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'- 
carboxylate (68g). 
Using 1-(6-hydroxy-2-methoxy-phenyl)ethanone (67g, 1.51 g, 8.83 mmol), the same procedure as 
the preparation of 68a was performed to give 68g as a pale yellow amorphous (935 mg, 31 %). 
1H NMR (400MHz, CDCl3): δ .40(1H, dd, J=8.4, 8.4 Hz), 6.59(1H, dd, J=8.2, 0.8 Hz), 6.52(1H, d, 
J=7.5 Hz), 3.92(3H, s), 3.22(2H, t, J=11.9 Hz), 2.69(2H, s), 2.00(2H, d, J=12.9 Hz), 1.64-1.58(4H, 
m), 1.46(9H, s). MS (FAB) m/z: 348 (M+H)+. 
2) 5-Methoxyspiro[chromane-2,4'-piperidine]-4-one hydrochloride (72g). 
Using 68g (935 mg, 2.69 mmol), the same procedure as the preparation of 72j was performed to 
give 72g as a pale pink solid (744 mg, 97 %). 
1H NMR (400MHz, DMSO-d6): δ 9.18(1H, brs), 8.98(1H, brs), 7.50(1H, dd, J=8.4, 8.4 Hz), 
6.68(2H, dd, J=8.4, 2.5 Hz), 3.79(3H, s), 3.18(2H, d, J=12.5 Hz), 3.08(2H, t, J=10.6 Hz), 2.78(2H, 
s), 2.07(2H, d, J=14.4 Hz), 1.89(2H, t, J=13.1 Hz). MS (EI) m/z: 247 M+. 
3) N-(2-Hydroxy-2-phenyl-ethyl)-6-(5-methoxy-4-oxospiro[chromane-2,4'-piperidine]-1'-yl) 
pyridazine-3-carboxamide (76g). 
Using 72g (95.2 mg, 0.336 mmol) and 61a (93.2 mg, 0.336 mmol), the same procedure as the 
preparation of 62k was performed to give 76g as a colorless solid (121 mg, 74 %). 
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1H NMR (400MHz, CDCl3): δ 8.27(1H, t, J=5.8 Hz), 8.00(1H, d, J=9.4 Hz), 7.44-7.40(2H, m), 
7.38-7.34(2H, m), 7.30(1H, d, J=7.4 Hz), 7.00(1H, d, J=9.7 Hz), 6.63(1H, d, J=8.6 Hz), 6.55(1H, 
d, J=8.6 Hz), 4.96(1H, t, J=3.9 Hz), 4.27(1H, d, J=12.5 Hz), 3.93(3H, s), 3.88-3.85(1H, m), 
3.66-3.60(1H, m), 3.55(2H, t, J=11.3 Hz), 3.34(1H, d, J=3.6 Hz), 2.73(2H, s), 2.18(2H, d, J=12.5 
Hz), 1.79-1.57(2H, m). MS (ESI) m/z: 489 (M+H)+. 
4) N-(2-Hydroxy-2-phenyl-ethyl)-6-(5-methoxy-4-hydroxyspiro[chromane-2,4'-piperidine]- 
1'-yl)pyridazine-3-carboxamide (80g). 
Using 76g (121 mg, 0.247 mmol), the same procedure as the preparation of 80j was performed to 
give 80g as a colorless solid (76.9 mg, 49 %). 
Mp: 213-215 °C. 1H NMR (400MHz, CDCl3): δ 8.28(1H, brs), 7.98(1H, d, J=9.3 Hz), 7.43(2H, d, 
J=7.0 Hz), 7.38-7.33(2H, m), 7.31-7.28(1H, m), 7.19(1H, dd, J=8.2, 8.2 Hz), 6.98(1H, d, J=9.4 
Hz), 6.59(1H, d, J=8.2 Hz), 6.51(1H, dd, J=8.2, 0.8 Hz), 5.04(1H, t, J=4.3 Hz), 4.98-4.95(1H, m), 
4.35(1H, d, J=13.7 Hz), 4.13(1H, d, J=12.5 Hz), 3.91(3H, s), 3.86-3.87(1H, m), 3.67-3.57(2H, m), 
3.46(1H, d, J=12.9 Hz), 3.41(1H, d, J=3.9 Hz), 3.24(1H, d, J=1.6 Hz), 2.31(1H, dd, J=14.3, 2.9 





1) tert-Butyl 6-fluoro-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate 
(68h). 
Using 1-(5-fluoro-2-hydroxy-phenyl)ethanone (67h, 1.51 g, 9.79 mmol), the same procedure as 
the preparation of 68a was performed to give 68h as a pale yellow oil (2.41 g, 73 %). 
1H NMR (400MHz, CDCl3): δ 7.53(1H, dd, J=8.2, 3.1 Hz), 7.28-7.21(1H, m), 6.98(1H, dd, J=9.0, 
4.3 Hz), 3.21(2H, t, J=11.6 Hz), 2.72(2H, s), 2.02(2H, d, J=12.5 Hz), 1.65-1.58(4H, m), 1.46(9H, 
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s). MS (ESI) m/z: 334 (M-H)+. 
2) 6-Fluorospiro[chromane-2,4'-piperidine]-4-one hydrochloride (72h). 
Using 68h (2.41 g, 7.18 mmol), the same procedure as the preparation of 72j was performed to 
give 72h as an off-white solid (1.93 g, 99 %). 
1H NMR (400MHz, DMSO-d6): δ 9.00(1H, brs), 7.56-7.51(1H, m), 7.46(1H, dd, J=8.5, 3.3 Hz), 
7.22(1H, dd, J=9.0, 4.3 Hz), 3.18(2H, d, J=12.5 Hz), 3.12-3.06(2H, m), 2.94(2H, s), 2.10(2H, d, 
J=13.7 Hz), 1.94-1.87(2H, m). MS (ESI) m/z: 236 (M+H)+. 
3) N-(2-Hydroxy-2-phenyl-ethyl)-6-(6-fluoro-4-oxospiro[chromane-2,4'-piperidine]-1'-yl) 
pyridazine-3-carboxamide (76h). 
Using 72h (124 mg, 0.458 mmol) and 61a (127 mg, 0.458 mmol), the same procedure as the 
preparation of 62k was performed to give 76h as a pale yellow solid (157 mg, 72 %). 
1H NMR (400MHz, CDCl3): δ 8.27(1H, t, J=6.5 Hz), 8.02(1H, d, J=9.8 Hz), 7.55(1H, dd, J=8.2, 
3.1 Hz), 7.43(2H, d, J=7.0 Hz), 7.36(2H, dd, J=7.4, 7.4 Hz), 7.31-7.23(2H, m), 7.03-7.00(2H, m), 
4.99-4.95(1H, m), 4.30(2H, d, J=13.7 Hz), 3.91-3.85(1H, m), 3.67-3.60(1H, m), 3.53(2H, t, J=11.6 
Hz), 3.30(1H, d, J=3.5 Hz), 2.76(2H, s), 2.20(2H, d, J=13.0 Hz), 1.76(2H, dt, J=18.5, 6.9 Hz). MS 
(ESI) m/z: 477 (M+H)+. 
4) N-(2-Hydroxy-2-phenyl-ethyl)-6-(6-fluoro-4-hydroxyspiro[chromane-2,4'-piperidine]-1'- 
yl)pyridazine-3-carboxamide (80h). 
Using 76h (157 mg, 0.329 mmol), the same procedure as the preparation of 80j was performed to 
give 80h as a colorless solid (144 mg, 91 %). 
Mp: 94-96 °C. 1H NMR (400MHz, CDCl3): δ 8.27(1H, t, J=6.0 Hz), 8.00(1H, d, J=9.8 Hz), 
7.44-7.42(2H, m), 7.38-7.34(2H, m), 7.31-7.26(1H, m), 7.17(1H, dd, J=8.6, 2.7 Hz), 7.00(1H, d, 
J=9.7 Hz), 6.96-6.92(1H, m), 6.85(1H, dd, J=9.0, 4.7 Hz), 4.98-4.95(1H, m), 4.91-4.85(1H, m), 
4.33-4.24(2H, m), 3.91-3.84(1H, m), 3.67-3.45(3H, m), 3.35(1H, d, J=3.1 Hz), 2.17-2.11(2H, m), 





1) tert-Butyl 7-fluoro-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxylate 
(68i). 
Using 1-(4-fluoro-2-hydroxy-phenyl)ethanone (67i, 1.52 g, 9.63 mmol), the same procedure as the 
preparation of 68a was performed to give 68i as a yellow oil (2.14 g, 66 %). 
1H NMR (400MHz, CDCl3): δ 7.90(1H, dd, J=9.0, 6.7 Hz), 6.76-6.72(1H, m), 6.69(1H, dd, J=10.2, 
2.4 Hz), 3.21(2H, t, J=11.9 Hz), 2.71(2H, s), 2.02(2H, d, J=13.3 Hz), 1.66-1.58(4H, m), 1.47(9H, 
s). MS (ESI) m/z: 334 (M-H)+. 
2) 7-Fluorospiro[chromane-2,4'-piperidine]-4-one hydrochloride (72i). 
Using 68i (2.14 g, 6.37 mmol), the same procedure as the preparation of 72j was performed to give 
72i as a pale yellow solid (1.68 g, 97 %). 
1H NMR (400MHz, DMSO-d6): δ 9.22(1H, brs), 8.98(1H, brs), 7.84(1H, dd, J=8.8, 6.9 Hz), 
7.08(1H, dd, J=10.2, 2.4 Hz), 6.99-6.94(1H, m), 3.19(2H, d, J=12.9 Hz), 3.14-3.09(2H, m), 
2.93(2H, s), 2.11(2H, d, J=14.0 Hz), 1.97-1.89(2H, m). MS (ESI) m/z: 236 (M+H)+. 
3) N-(2-Hydroxy-2-phenyl-ethyl)-6-(7-fluoro-4-oxospiro[chromane-2,4'-piperidine]-1'-yl) 
pyridazine-3-carboxamide (76i). 
Using 72i (123 mg, 0.453 mmol) and 61a (126 mg, 0.453 mmol), the same procedure as the 
preparation of 62k was performed to give 76i as a yellow solid (139 mg, 65 %). 
1H NMR (400MHz, DMSO-d6): δ 8.28(1H, t, J=5.5 Hz), 8.03(1H, d, J=9.4 Hz), 7.49-7.41(3H, m), 
7.37(2H, dd, J=8.5, 7.0 Hz), 7.31(1H, d, J=7.0 Hz), 7.31(1H, d, J=7.0 Hz), 6.86(1H, d, J=8.6 Hz), 
6.74(1H, dd, J=9.2, 8.4 Hz), 4.97(1H, brs), 4.30(2H, d, J=13.7 Hz), 3.92-3.85(1H, m), 
3.67-3.60(1H, m), 3.55(2H, t, J=11.3 Hz), 3.35(1H, d, J=3.5 Hz), 2.76(2H, s), 2.21(2H, d, J=12.5 




Using 76i (139 mg, 0.293 mmol), the same procedure as the preparation of 80j was performed to 
give 80i as a colorless solid (106 mg, 76 %). 
Mp: 183-185 °C. 1H NMR (400MHz, CDCl3): δ 8.29(1H, t, J=6.0 Hz), 8.00(1H, d, J=9.4 Hz), 
7.45-7.41(3H, m), 7.40-7.35(2H, m), 7.32-7.27(1H, m), 7.01(1H, d, J=9.4 Hz), 6.74-6.69(1H, m), 
6.62(1H, dd, J=9.9, 2.5 Hz), 4.99-4.96(1H, m), 4.91-4.86(1H, m), 4.33(1H, d, J=13.6 Hz), 4.26(1H, 
d, J=13.6 Hz), 3.91-3.85(1H, m), 3.67-3.58(1H, m), 3.56-3.47(2H, m), 3.40(1H, d, J=3.5 Hz), 
2.19-2.13(2H, m), 1.98-1.92(2H, m), 1.87(1H, d, J=6.7 Hz), 1.85-1.70(2H, m). 13C-NMR 
(100MHz, CDCl3): δ 164.8, 163.3, 160.0, 153.5, 144.0, 141.8, 129.6, 128.6, 127.9, 127.0, 125.9, 
120.4, 112.0, 108.4, 104.3, 74.3, 74.0, 62.6, 47.6, 41.7, 40.8, 40.6, 35.2, 33.7. MS (ESI) m/z: 479 
(M+H)+. Anal. Calcd. for C26H27FN4O4･1/2H2O: C, 64.05; H, 5.79; N, 11.49; F, 3.90. Found: C, 




To a solution of 76j (27.0 mg, 0.0588 mmol) in MeOH (3.0 mL) was added NaBH4 (1.2 mg, 
0.0294 mmol) at 0 °C, and stirred at room temperature for 2 h. To complete the reaction, the 
mixture was heated at 60 °C for 1 h, and thus stirred at room temperature for 3 h, then 
concentrated. The residue was diluted with CH2Cl2 and saturated aqueous NaHCO3. The organic 
layer was dried over Na2SO4, and concentrated. The residue was triturated in iPr2O and Hexane, 
collected by filtration, and dried in vacuo to give 24.0 mg (89 %) of 80j as a colorless solid. 
Mp: 97-100 °C. 1H NMR (400MHz, CDCl3): δ 8.27(1H, brs), 7.99(1H, d, J=9.4 Hz), 7.47-7.42(3H, 
m), 7.36(2H, t, J=7.2 Hz), 7.31-7.22(2H, m), 7.01-6.98(1H, m), 7.00(1H, d, J=9.4 Hz), 6.91(1H, d, 
J=8.2 Hz), 4.98-4.90(2H, m), 4.34-4.24(2H, m), 3.90-3.84(1H, m), 3.67-3.50(3H, m), 3.34(1H, s), 
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2.19(2H, d, J=6.6 Hz), 2.00-1.94(2H, m), 1.84-1.74(3H, m). 13C-NMR (100MHz, CDCl3): δ 164.7, 
160.0, 152.2, 143.8, 141.8, 129.5, 128.5, 128.2, 127.8, 126.9, 125.9, 124.5, 121.0, 117.3, 112.0, 
73.8, 73.5, 62.8, 47.6, 41.7, 40.8, 40.7 , 35.2, 33.6. MS (ESI) m/z: 461 (M+H)+. Anal. Calcd. for 




1) 1'-Benzyl-4,5-dihydro-3H-spiro[1,5-benzoxazepine-2,4'-piperidine] (85). 
To a solution of 68j (13.8 g, 44.9 mmol) in EtOH (150 mL) were added pyridine (7.3 mL, 90 
mmol) and hydroxylamine hydrochloride (6.25 g, 89.9 mmol) at 0 °C. The reaction mixture was 
heated at 70 °C for 22 h, and concentrated. The residue was diluted with CH2Cl2 and saturated 
aqueous NaHCO3, and then stirred vigorously at room temperature. The resulting white precipitate 
was collected by filtration and dried in vacuo to give 12.8 g (88 %) of oxime as a white solid. 
1H NMR (400 MHz, DMSO-d6): δ 11.2 (1H, s), 7.74 (1H, d, J=7.9 Hz), 7.34-7.21 (6H, m), 6.91 
(1H, dd, J=7.8, 7.8 Hz), 6.88 (1H, d, J=8.6 Hz), 3.49 (2H, s), 2.77 (2H, s), 2.53-2.48 (2H, m), 2.36 
(2H, t, J=10.8 Hz), 1.75 (2H, d, J=13.7 Hz), 1.66-1.59 (2H, m). MS (ESI) m/z: 323 (M+H)+. 
To a suspension of the oxime (1.00 g, 3.10 mmol) in CH2Cl2 (18 mL) was added DIBAL (1.0 
mol/L in toluene, 18 mL) at 0 °C. The reaction mixture was stirred for 4 h at 0 °C and quenched by 
successive addition of MeOH (3.0 mL), H2O (3.0 mL), and aqueous H2SO4 (2 mol/L, 17 mL). The 
resulting mixture was stirred at 0 °C for 20 min, basified (PH > 9) with 10N NaOH (8.0 mL), and 
extracted with EtOAc. The organic layer was dried over Na2SO4 and concentrated. 
Chromatography of the residue on SiO2 (CH2Cl2/EtOAc) gave 774 mg (81 %) of 85 as a pale 
yellow oil. 
1H NMR (400 MHz, CDCl3): δ 7.35-7.16 (5H, m), 6.96 (1H, dd, J=7.9, 1.5 Hz), 6.86 (1H, dt, 
J=10.5, 3.9 Hz), 6.73(1H, dt, J=10.7, 3.8 Hz), 6.62 (1H, dd, J=7.8, 1.6 Hz), 3.68 (1H, brs), 3.55 
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(2H, s), 3.28 (2H, t, J=5.4 Hz), 2.62-2.59 (2H, m), 2.49 (2H, dt, J=16.0, 5.8 Hz), 1.98 (2H, d, 
J=12.2 Hz), 1.92 (2H, t, J=5.4 Hz), 1.66-1.59 (4H, m). MS (ESI) m/z: 309 (M+H)+. 
2) 1'-Benzyl-5-methyl-4,5-dihydro-3H-spiro[1,5-benzoxazepine-2,4'-piperidine] (86).  
To a solution of 85 (259 mg, 0.840 mmol) in THF (5.0 mL) were added acetic acid (0.25 mL), 
aqueous formaldehyde (37 wt%, 0.63 mL), and sodium cyanoborohydride (158 mg, 2.51 mmol) at 
0 °C. The resulting mixture was warmed to room temperature and stirred for 18 h. The reaction 
mixture was concentrated, diluted with saturated aqueous NaHCO3, and extracted with CH2Cl2. 
The organic layer was dried over Na2SO4 and concentrated. Chromatography of the residue on 
SiO2 (CH2Cl2/MeOH) gave 251 mg (93 %) of 86 as a yellow oil. 
1H NMR (400 MHz, CDCl3): δ 7.37-7.31 (4H, m), 7.28-7.25 (1H, m), 7.01 (1H, dd, J=8.0, 7.2 Hz), 
6.90 (1H, d, J=8.2 Hz), 6.78 (2H, d, J=7.4 Hz), 3.58 (2H, s), 3.21 (2H, t, J=5.9 Hz), 2.85 (3H, s), 
2.69-2.55 (4H, m), 1.98 (2H, d, J=12.5 Hz), 1.80 (2H, t, J=5.7 Hz), 1.65-1.58 (2H, m). MS (ESI) 
m/z: 323 (M+H)+. 
3) 5-Methyl-4,5-dihydro-3H-spiro[1,5-benzoxazepine-2,4'-piperidine] hydrochloride (87). 
A suspension of 86 (251 mg, 0.778 mmol) and Pd/C (5 wt%, 250 mg) in 1N HCl (0.90 mL) and 
MeOH (8.0 mL) was treated with H2 gas at room temperature for 7 h. The reaction mixture was 
filtered through a pad of Celite. The filtrate was concentrated. The residue was triturated in iPr2O, 
collected by filtration and dried in vacuo to give 87 (141 mg, 68 %).  
1H NMR (400 MHz, DMSO-d6): δ 8.73 (1H, brs), 7.02 (1H, dd, J=8.2, 7.1 Hz), 6.92 (1H, d, J=7.8 
Hz), 6.84-6.74 (2H, m), 3.57-3.39 (2H, m), 3.19 (4H, brs), 2.78 (3H, s), 1.98 (2H, d, J=14.9 Hz), 
1.80 (2H, t, J = 5.7 Hz), 1.77-1.68 (2H, m). MS (ESI) m/z: 233 (M+H)+. 
4) N-(2-Hydroxy-2-pyridin-3-ylethyl)-6-(5-methyl-4,5-dihydro-1'H,3H-spiro[1,5- 
benzoxazepine-2,4'-piperidin]-1'-yl)pyridazine-3-carboxamide (90). 
Using 87 (34.9 mg, 0.130 mmol) and 61k (33.4 mg, 0.120 mmol), the same procedure as the 
preparation of 62k was performed to give 90 as a brown solid (32.2 mg, 57 %). 
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Mp: 95-96 °C. 1H NMR (400M Hz, DMSO-d6): δ 8.68 (1H, dd, J=5.9, 5.8 Hz), 8.53 (1H, s), 8.43 
(1H, d, J=4.7 Hz), 7.77 (1H, d, J=9.8 Hz), 7.75 (1H, d, J=6.2 Hz), 7.39-7.31 (2H, m), 6.97 (1H, dd, 
J=7.7, 7.7 Hz), 6.90 (1H, d, J=9.0 Hz), 6.76 (1H, d, J=9.4 Hz), 6.71 (1H, dd, J=8.2, 8.2 Hz), 5.75 
(1H, d, J=4.7 Hz), 4.89-4.83 (1H, m), 4.22 (1H, d, J=13.3 Hz), 3.61-3.47 (4H, m), 3.17 (1H, t, 
J=5.5 Hz), 2.77 (3H, s), 2.48 (2H, t, J=1.9 Hz), 1.89 (2H, d, J=13.3 Hz), 1.78 (2H, t, J=5.5 Hz), 





1) 5-Ethyl-4,5-dihydro-3H-spiro[1,5-benzoxazepine-2,4'-piperidine] (88). 
To a solution of 85 (769 mg, 2.49 mmol) in DMF (10 mL) were added potassium carbonate (688 
mg, 4.98 mmol) and ethyl iodide (0.40 mL, 5.00 mmol) at room temperature. The reaction mixture 
was heated at 50 °C for 20 h, cooled to room temperature, diluted with saturated aqueous NaHCO3, 
and extracted with EtOAc. The organic layer was washed with brine, dried over Na2SO4, and 
concentrated. Chromatography of the residue on SiO2 (CH2Cl2/EtOAc) gave 420 mg (50 %) of 
1'-benzyl-5-ethyl-4,5-dihydro-3H-spiro[1,5-benzoxazepine-2,4'-piperidine] as a yellow oil. 
1H NMR (400 MHz, CDCl3): δ 7.39-7.29 (4H, m), 7.28-7.24 (1H, m), 6.98 (1H, dd, J=7.9, 6.2 Hz), 
6.89 (1H, d, J=7.8 Hz), 6.78 (1H, d, J=9.4 Hz), 6.71 (1H, dd, J=8.6, 7.4 Hz), 3.56 (2H, s), 3.29 
(2H, dd, J=5.3, 5.3 Hz), 3.21 (2H, q, J=7.2 Hz), 2.67-2.50 (4H, m), 1.97 (2H, d, J=12.5 Hz), 1.81 
(1H, dd, J=5.5, 5.5 Hz), 1.64-1.57 (2H, m), 1.26 (1H, dd, J=7.1, 7.0 Hz), 1.19 (3H, t, J=7.0 Hz). 
MS (ESI) m/z: 337 (M+H)+. 
In accordance with the procedures described for 87, 1'-benzyl-5-ethyl-4,5-dihydro-3H-spiro[1,5- 
benzoxazepine-2,4'-piperidine] (420 mg, 1.25 mmol) gave 163 mg (53 %) of 88 as a colorless oil 
after neutralization with aqueous NaHCO3 and purification by chromatography. 
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1H NMR (400 MHz, CDCl3): δ 6.98 (1H, dd, J=8.5, 6.9 Hz), 6.89 (1H, d, J=7.4 Hz), 6.78 (1H, d, 
J=8.2 Hz), 6.71 (1H, dd, J=8.4, 6.9 Hz), 3.29-3.28 (2H, m), 3.22 (2H, q, J=7.0 Hz), 3.19-3.12 (3H, 
m), 2.89-2.86 (2H, m), 1.95 (2H, d, J=12.9 Hz), 1.83-1.80 (2H, m), 1.55-1.48 (2H, m), 1.20 (3H, t, 
J=7.0 Hz). MS (ESI) m/z: 247 (M+H)+. 
2) 6-(5-Ethyl-4,5-dihydro-1'H,3H-spiro[1,5-benzoxazepine-2,4'-piperidin]-1'-yl)-N-(2- 
hydroxy-2-pyridin-3-ylethyl)pyridazine-3-carboxamide (91). 
Using 88 (81.3 mg, 0.330 mmol) and 61k (69.6 mg, 0.250 mmol), the same procedure as the 
preparation of 62k was performed to give 91 as a pale brown solid (88.4 mg, 73 %). 
Mp: 116-118 °C. 1H NMR (400 MHz, DMSO-d6): δ 8.71 (1H, dd, J=5.9, 5.9 Hz), 8.55 (1H, d, 
J=2.0 Hz), 8.46 (1H, dd, J=4.9, 1.8 Hz), 7.79 (1H, d, J=9.3 Hz), 7.78-7.77 (1H, m), 7.39 (1H, d, 
J=9.8 Hz), 7.36 (1H, dd, J=7.8, 5.1 Hz), 6.96 (1H, dt, J=10.4, 3.8 Hz), 6.90 (1H, dd, J=7.8, 1.5 
Hz), 6.80 (1H, dd, J=8.0, 1.4 Hz), 6.68 (1H, dt, J=10.6, 3.9 Hz), 5.78 (1H, s), 4.87 (1H, t, J=5.3 
Hz), 4.24 (2H, d, J=12.2 Hz), 3.61-3.50 (3H, m), 3.33-3.27 (3H, m), 3.19 (2H, q, J=7.0 Hz), 1.92 
(2H, d, J=14.1 Hz), 1.81-1.79 (2H, m), 1.63-1.55 (2H, m), 1.12 (3H, t, J=6.8 Hz). MS (ESI) m/z: 




1) 2-(3,4-Dihydro-5H-spiro[1,5-benzoxazepine-2,4'-piperidin]-5-yl)ethanol hydrochloride  
(89). 
To a solution of 85 (575 mg, 1.86 mmol) in THF/acetic acid (1:1, 10 mL) was added a solution of 
oxirane in THF (1.0 mol/L, 7.0 ml). The reaction mixture was stirred at room temperature for 2 
days and concentrated. The residue was diluted with CH2Cl2, washed with saturated aqueous 
NaHCO3, and concentrated. Chromatography of the residue on SiO2 (hexane/EtOAc) gave 513 mg 
(78 %) of 2-(1'-benzyl-3,4-dihydro-5H-spiro[1,5-benzoxazepine-2,4'-piperidin]-5-yl)ethanol as a 
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colorless oil. 
1H NMR (400 MHz, CDCl3): δ 7.37-7.31 (4H, m), 7.28-7.25 (1H, m), 7.01 (1H, dd, J=8.4, 6.8 Hz), 
6.93 (1H, d, J=7.8 Hz), 6.89 (1H, d, J=6.7 Hz), 6.83 (1H, dd, J=8.4, 6.8 Hz), 3.72 (2H, t, J=5.3 
Hz), 3.57 (2H, s), 3.35(2H, t, J=5.5 Hz), 3.27 (2H, t, J=5.5 Hz), 2.68-2.60 (2H, m), 2.56 (2H, dd, 
J=12.5, 9.8 Hz), 2.26 (1H, brs), 1.95 (2H, d, J=12.5 Hz), 1.80(2H, t, J=5.4 Hz), 1.66-1.57 (2H, m). 
In accordance with the procedures described for 87, 2-(1'-benzyl-3,4-dihydro-5H-spiro[1,5- 
benzoxazepine-2,4'-piperidin]-5-yl)ethanol (513 mg, 1.46 mmol) gave 218 mg (57 %) of 89 as an 
orange oil after neutralization with aqueous NaHCO3 and purification by chromatography. 
1H NMR (400 MHz, CDCl3): δ 7.02(1H, dd, J=7.1, 6.3 Hz), 6.93 (1H, d, J=7.8 Hz), 6.89 (1H, d, 
J=8.2 Hz), 6.83 (1H, dd, J=8.1, 7.2 Hz), 3.73 (2H, t, J=5.5 Hz), 3.35 (2H, t, J=5.5 Hz), 3.28 (2H, t, 
J=5.4 Hz), 3.16 (1H, dd, J=11.9, 2.1 Hz), 3.13 (1H, dd, J=11.4, 2.4 Hz), 2.87 (2H, dt, J=12.4, 
4.1Hz), 1.99 (2H, brs), 1.92 (2H, d, J=12.9 Hz), 1.81 (2H, t, J=5.5Hz), 1.56-1.49 (2H, m). 
2) 6-[5-(2-Hydroxyethyl)-4,5-dihydro-1'H,3H-spiro[1,5-benzoxazepine-2,4'-piperidin]-1'-yl]- 
N-(2-hydroxy-2-pyridin-3-ylethyl)pyridazine-3-carboxamide (92). 
Using 89 (102 mg, 0.389 mmol) and 61k (89.0 mg, 0.319 mmol), the same procedure as the 
preparation of 62k was performed to give 92 as a pale brown solid (86.4 mg, 54 %). 
Mp: 81-83 °C. 1H NMR (400M Hz, DMSO-d6): δ 8.68 (1H, dd, J=5.7, 5.7 Hz), 8.53 (1H, s), 8.43 
(1H, d, J=3.9 Hz), 7.77 (1H, d, J=9.4Hz), 7.75 (1H, d, J=5.8 Hz), 7.35 (1H, d, J=9.0 Hz), 7.33 (1H, 
d, J=11.3 Hz), 6.92 (1H, dd, J=7.7, 7.7 Hz), 6.86 (1H, d, J=7.4 Hz), 6.81 (1H, d, J=7.4 Hz), 6.62 
(1H, dd, J=7.5, 7.5 Hz), 5.74 (1H, s), 4.85 (1H, dd, J=9.8, 4.7 Hz), 4.63 (1H, t, J=4.5 Hz), 4.20 
(2H, d, J=12.9 Hz), 3.60-3.46 (5H, m), 3.38 (2H, t, J=4.5 Hz), 3.30 (1H, s), 3.22 (2H, t, J=5.9 Hz), 
1.90 (2H, d, J=14.0 Hz), 1.83-1.77 (2H, m), 1.56 (2H, t, J=10.6 Hz). MS (ESI) m/z: 505(M+H)+. 






1) 6-[5-(Trifluoromethyl)spiro[chromane-2,4'-piperidine]-1'-yl]pyridazin-3-amine (96). 
Using 71a (303 mg, 0.986 mmol) and 6-chloropyridazin-3-ylamine (116 mg, 0.896 mmol), the 
same procedure as the preparation of 62k was performed to give 96 as a yellow solid (242 mg, 
68 %). 
1H NMR (400MHz,CDCl3): δ 7.24-7.16(2H, m), 7.04(1H, dd, J=7.0. 2.0 Hz), 6.97(1H, d, J=9.4 
Hz), 6.73(1H, d, J=9.4 Hz), 4.27(2H, s), 3.89(2H, d, J=12.9 Hz), 3.38(2H, t, J=10.9 Hz), 2.95(2H, 




To a solution of triphosgene (20.0 mg, 0.0660 mmol) in CH2Cl2 (1.0 mL) were slowly added 
3-pyridylmethanamine (18.0 mg, 0.165 mmol) and Et3N (0.050 mL, 0.363 mmol) at 0 °C. After 20 
min, 96 (60.0 mg, 0.165 mmol) was added. The mixture was refluxed for 6 h, diluted with 
saturated aqueous NaHCO3, and extracted with CH2Cl2. The organic layer was dried over Na2SO4 
and concentrated. The residue was triturated in iPr2O and EtOAc collected by filtration and dried 
in vacuo to give 97 as a colorless solid (51.0 mg, 62 %). 
Mp: 250 °C. 1H NMR (400MHz, CDCl3): δ 8.61(1H, s), 8.44(1H, d, J=4.0 Hz), 7.66(1H, d, J=7.9 
Hz), 7.25-7.21(2H, m), 7.18(1H, d, J=10.2 Hz), 7.13(1H, d, J=9.8 Hz), 7.03(1H, d, J=7.4 Hz), 
6.75(1H, d, J=9.4 Hz), 4.58(2H, d, J=6.3 Hz), 3.81(2H, brs), 3.31(2H, t, J=12.1 Hz), 2.93(2H, t, 





1) Pyridin-3-yl-acetic acid hydrazide (99). 
A mixture of ethyl pyridin-3-ylacetate (98, 10.2 g, 61.1 mmol) and hydrazine monohydrate (8.9 
mL, 0.18 mol) in EtOH (100 mL) was heated at 80 °C for 8 h. The reaction mixture was 
concentrated and coevaporated with toluene to remove residual water. The residue was triturated 
in iPr2O and collected by filtration to give 9.62 g (quantitative yield) of 99 as a colorless solid.  
1H-NMR (400 MHz, DMSO-d6): δ 9.27 (1H, s), 8.45 (1H, d, J=2.0 Hz), 8.43 (1H, dd, J=4.7, 1.6 
Hz), 7.66 (1H, d, J=7.8 Hz), 7.33(1H, dd, J=7.8, 4.7 Hz), 4.28-4.15 (2H, m), 3.40-3.28 (2H, m). 
2) 6-[5-(Trifluoromethyl)spiro[chromane-2,4'-piperidine]-1'-yl]pyridazine-3-carbonitrile  
(100). 
Using 71a (385 mg, 1.25 mmol) and 6-chloropyridazine-3-carbonitrile (146 mg, 1.04 mmol), the 
same procedure as the preparation of 62k was performed to give 100 as a brown solid (372 mg, 
96 %). 
1H NMR (400MHz, CDCl3): δ 7.44(1H, d, J=9.7 Hz), 7.24(1H, d, J=1.9 Hz), 7.21(1H, d, J=7.4 
Hz), 7.07(1H, d, J=7.4 Hz), 6.88(1H, d, J=9.4 Hz), 4.38(2H, d, J=14.0 Hz), 3.55(2H, dt, J=17.8, 
6.9 Hz), 2.97(2H, t, J=6.9 Hz), 2.00(2H, d, J=12.2 Hz), 1.88(2H, t, J=6.9 Hz), 1.73-1.66(2H, m). 
MS (ESI) m/z: 375 (M+H)+. 
3) 1'-[6-[3-(3-Pyridylmethyl)-1H-1,2,4-triazol-5-yl]pyridazin-3-yl]-5-(trifluoromethyl)spiro 
[chromane-2,4'-piperidine] (101). 
A mixture of 100 (99.2 mg, 0.265 mmol) and NaOMe (28 wt% in MeOH, 0.010 mL) in MeOH 
(4.0 mL) was stirred at room temperature for 17 h. To the mixture was added 99 (40.0 mg, 0.265 
mmol), refluxed for 7 h, and concentrated. The residue was dissolved in AcOH, heated at 120 °C 
for 2.5 h, and concentrated. The crude was diluted with EtOAc and saturated aqueous NaHCO3, 
and filtrated. The precipitate was triturated in CH2Cl2 and dried in vacuo to give 101 as an 
off-white solid (108 mg, 80 %). 
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Mp: 181-183 °C. 1H NMR (400MHz, DMSO-d6): δ =8.57(1H, d, J=1.9 Hz), 8.44(1H, dd, J=4.7, 
1.5 Hz), 7.89(1H, d, J=9.7 Hz), 7.73(1H, d, J=7.8 Hz), 7.41(1H, d, J=9.4 Hz), 7.36-7.30(2H, m), 
7.26(1H, d, J=6.7 Hz), 7.16(1H, d, J=8.2 Hz), 4.20(2H, d, J=13.3 Hz), 4.10(2H, s), 3.47(2H, t, 
J=10.6 Hz), 2.88(2H, t, J=5.8 Hz), 1.90(2H, t, J=6.8 Hz), 1.83(2H, d, J=13.6 Hz), 1.77-1.71(2H, 




1) 3-Chloro-6-[5-(pyridin-3-ylmethyl)-1,3,4-oxadiazol-2-yl]pyridazine (102). 
A suspension of 6-oxo-1,6-dihydropyridazine-3-carboxylic acid monohydrate (4.97 g, 31.4 mmol) 
and DMF (1.0 mL) in SOCl2 (23 mL) and CHCl3 (5.0 mL) was heated at 53 °C for 7 h. The 
resulting black solution was concentrated, coevaporated with toluene, dried in vacuo, and 
dissolved in THF (5 mL). This solution was slowly added to a solution of 99 (4.75 g, 31.4 mmol) 
and Et3N (17.5 mL) in DMF (45 mL) at 0 °C. The reaction mixture was warmed to room 
temperature, stirred for 16 h, diluted with CH2Cl2 and saturated aqueous NaHCO3, and partitioned 
in a separatory funnel. The aqueous layer was extracted with CH2Cl2. The organic layers were 
treated with charcoal, dried over Na2SO4, and concentrated. The residue was triturated in 
CH2Cl2/iPr2O, collected by filtration, and dried in vacuo to give 5.25 g (57 %) of 
6-chloropyridazine-3-carboxylic acid N'-(2-pyridin-3-yl-acetyl)hydrazide as a dark brown solid.  
1H-NMR (400 MHz, DMSO-d6): δ 11.1 (1H, s), 10.4 (1H, s), 8.54 (1H, d, J=1.6 Hz), 8.47 (1H, dd, 
J=4.7, 1.6 Hz), 8.24 (1H, d, J=9.0 Hz), 8.14(1H, d, J=9.0 Hz), 7.76 (1H, d, J=7.8 Hz), 7.37 (1H, 
dd, J=7.4, 5.1 Hz), 3.61 (2H, s). 
A mixture of 6-chloropyridazine-3-carboxylic acid N'-(2-pyridin-3-yl-acetyl)hydrazide (5.25 g, 
18.0 mmol), DMAP (5.50 g, 45.0 mmol) and TsCl (4.12 g, 21.6 mmol) in CH3CN (100 mL) was 
stirred at room temperature for 2 h and concentrated. The residue was diluted with CH2Cl2 and 
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saturated aqueous NaHCO3, and partitioned in a separatory funnel. The aqueous layer was 
extracted with CH2Cl2. The combined organic layers were treated with charcoal, dried over 
Na2SO4, and concentrated. Chromatography of the residue on SiO2 (CH2Cl2/MeOH) gave a crude 
solid, which was triturated in hexane/iPr2O, collected by filtration and dried in vacuo to give 1.55 
g (32 %) of 102 as a pale yellow solid. 
1H-NMR (400M Hz, CDCl3): δ 8.69 (1H, d, J=1.9 Hz), 8.59 (1H, dd, J=5.1, 1.5 Hz), 8.35 (1H, d, 




Using 71a (64.6 mg, 0.210 mmol) and 102 (54.7 mg, 10.2 mmol), the same procedure as the 
preparation of 62k was performed to give 106a as a white solid (69.1 mg, 68 %). 
Mp: 213-214 °C. 1H NMR (400MHz, DMSO-d6): δ 8.64(1H, s), 8.53(1H, d, J=5.1 Hz), 7.98(1H, 
dd, J=9.4, 1.6 Hz), 7.83(1H, d, J=5.5 Hz), 7.46(1H, d, J=8.6 Hz), 7.42(1H, t, J=6.5 Hz), 7.32(1H, t, 
J=7.4 Hz), 7.26(1H, d, J=7.5 Hz), 7.16(1H, d, J=7.5 Hz), 4.47 (2H, s), 4.27(2H, d, J=12.9 Hz), 
3.50(2H, t, J=11.6 Hz), 2.88(2H, t, J=6.0 Hz), 1.90(2H, t, J=6.2 Hz), 1.84(2H, d, J=14.0 Hz), 
1.76-1.69(2H, m). 13C-NMR (100MHz, DMSO-d6): δ 165.4, 162.9, 159.3, 153.8, 150.0, 148.5, 
137.9, 136.8, 130.3, 128.1, 127.7, 127.6, 126.7, 123.7, 121.9, 119.7, 117.7, 112.5, 73.1, 40.2, 33.3, 
29.7, 28.1, 17.9. IR (KBr) cm-1: 3065, 2958, 2851, 1594, 1463, 1431, 1320, 1258. MS (ESI) m/z: 
509 (M+H)+. HRMS (ESI) m/z: 509.1915 (calcd for C26H24F3N6O2 509.1913). Anal. Calcd for 




Using 71b (29.2 mg, 0.123 mmol) and 102 (28.0 mg, 0.102 mmol), the same procedure as the 
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preparation of 62k was performed to give 106b as a yellow amorphous (31.0 mg, 64 %). 
Mp: 194-196 °C.1H NMR (500 MHz, DMSO-d6): δ 8.64 (1H, d, J=2.0 Hz), 8.53 (1H, dd, J=4.3, 
1.4 Hz), 7.97 (1H, d, J=9.8 Hz), 7.82 (1H, d, J=7.8 Hz), 7.45 (1H, d, J=9.7 Hz), 7.42 (1H, dd, 
J=7.8, 4.8 Hz), 7.14 (1H, t, J=8.0 Hz), 7.00 (1H, d, J=7.8 Hz), 6.85 (1H, d, J=7.3 Hz), 4.46 (2H, s), 
4.29-4.24 (2H, m), 3.52-3.45 (2H, m), 2.73 (2H, t, J=6.6 Hz), 1.89 (2H, t, J=6.8 Hz), 1.85-1.80 
(2H, m), 1.74-1.68 (2H, m). 13C-NMR (100MHz, DMSO-d6): δ 165.5, 162.9, 159.3, 154.1, 150.0, 
148.5, 137.8, 136.8, 133.6, 130.3, 128.1, 126.7, 123.8, 120.5, 120.0, 116.1, 112.5, 73.2, 40.3, 33.1, 
30.2, 28.1, 19.6. IR (KBr) cm-1: 3064, 2953, 2846, 1595, 1446, 1430, 1248. MS (ESI) m/z: 
475(M+H)+. HRMS (ESI) m/z: 475.1646 (calcd for C25H24ClN6O2 475.1649). Anal. Calcd for 




Using 71c (97.2 mg, 0.353 mmol) and 102 (93.7 mg, 0.342 mmol), the same procedure as the 
preparation of 62k was performed to give 106c as a colorless solid (84.8 mg, 52 %). 
Mp: 190-191 °C . 1H NMR (400 MHz, CDCl3): δ 8.67 (1H, d, J=2.0 Hz), 8.57 (1H, dd, J=4.7, 1.6 
Hz), 8.03 (1H, d, J=9.4 Hz), 7.77 (1H, d, J=7.8 Hz), 7.30 (1H, dd, J=8.1, 4.9 Hz), 7.02 (1H, d, 
J=9.8 Hz), 6.93-6.87 (1H, m), 6.57-6.52 (1H, m), 4.41-4.38(2H, m), 4.33 (2H, s), 3.63-3.55 (2H, 
m), 2.79 (2H, t, J=6.9 Hz), 2.03-2.00 (2H, m), 1.87 (2H, t, J=6.9 Hz), 1.76-1.68 (2H, m). 
13C-NMR (100MHz, CDCl3): δ 165.1, 163.5, 159.2, 156.4, 150.1, 149.1, 148.4, 141.8, 138.2, 
136.5, 129.5, 126.9, 123.7, 113.5, 111.8, 111.4, 105.2, 73.6, 40.7, 33.8, 30.7, 29.3, 15.5. IR (KBr) 
cm-1: 3067, 2926, 2859, 1592, 1488, 1447, 1262, 1236. MS (ESI) m/z: 477(M+H)+. HRMS (ESI) 
m/z: 477.1852 (calcd for C25H23F2N6O2 477.1851). Anal. Calcd for C25H22F2N6O2: C, 63.02; H, 





Using 71d (254 mg, 1.00 mmol) and 102 (274 mg, 1.00 mmol), the same procedure as the 
preparation of 62k was performed to give 106d as a colorless solid (387 mg, 58 %). 
Mp: 194-195 °C. 1H-NMR (400 MHz, DMSO-d6): δ 8.63 (1H, s), 8.52 (1H, d, J=4.7 Hz), 7.95  
(1H, d, J=9.4 Hz), 7.83-7.80 (1H, m), 7.43 (1H, d, J=9.7 Hz), 7.41-7.39 (1H, m), 6.97 (1H, dd, 
J=7.6, 7.6 Hz), 6.71 (1H, d, J=7.0 Hz), 6.66 (1H, d, J=8.2 Hz), 4.45(2H, s), 4.28-4.21 (2H, m), 
3.49-3.43 (2H, m), 2.60 (2H, t, J=6.9 Hz), 2.17 (3H, s), 1.83 (2H, t, J=6.9 Hz), 1.82-1.78 (2H, m), 
1.69-1.62 (2H, m). 13C-NMR (100MHz, DMSO-d6): δ 165.4, 162.9, 159.3, 152.7, 150.0, 148.5, 
137.8, 137.1, 136.8, 130.3, 126.7, 126.6, 123.8, 121.3, 120.2, 114.7, 112.4, 72.0, 40.3, 33.2, 30.7, 
28.1, 18.7, 18.7. IR (KBr) cm-1: 3068, 2953, 2924, 2847, 1594, 1536, 1466, 1429, 1250. MS (ESI) 
m/z: 455 (M+H)+. HRMS (ESI) m/z: 455.2189 (calcd for C26H27N6O2 455.2196). Anal. Calcd for 




Using 71e (541 mg, 2.11 mmol) and 102 (547 mg, 2.00 mmol), the same procedure as the 
preparation of 62k was performed to give 106e as a pale pink solid (682 mg, 74 %). 
mp 177-178 °C. 1H NMR (400 MHz, DMSO-d6): δ 8.65 (1H, d, J=2.0 Hz), 8.54 (1H, dd, J=4.9, 
1.3 Hz), 7.99 (1H, d, J=9.8 Hz), 7.84 (1H, d, J=7.9 Hz), 7.47 (1H, d, J=9.3 Hz), 7.43 (1H, dd, 
J=7.7, 4.9 Hz), 7.14 (1H, dd, J=15.3, 7.8 Hz), 6.73-6.69 (2H, m), 4.47 (2H, s), 4.30-4.20 (2H, m), 
3.52-3.42 (2H, m), 2.71 (2H, t, J=6.4 Hz), 1.87(2H, t, J=7.0 Hz), 1.87-1.83 (2H, m), 1.75-1.68 (2H, 
m). 13C-NMR (100MHz, DMSO-d6): δ 165.5, 161.8, 161.1, 159.3, 154.2, 150.0, 148.5, 137.8, 
136.8, 130.3, 127.6, 126.7, 123.8, 112.9, 112.5, 109.6, 106.2, 73.3, 40.2, 33.2, 29.5, 28.2, 14.7. IR 
(KBr) cm-1: 3057, 2948, 2866, 1593, 1467, 1446, 1254. MS (ESI) m/z: 459 (M+H)+. HRMS (ESI) 
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m/z: 459.1936 (calcd for C25H24FN6O2 459.1945). Anal. Calcd for C25H23FN6O2: C, 65.49; H, 5.06; 




Using 71j (791 mg, 3.30 mmol) and 102 (821 mg, 3.00 mmol), the same procedure as the 
preparation of 62k was performed to give 106j as a pink solid (1.14 g, 86 %). 
Mp: 174-175 °C. 1H NMR (400 MHz, DMSO-d6): δ 8.62 (1H, d, J=1.1 Hz ), 8.51 (1H, d, J=4.7 
Hz), 7.96 (1H, d, J=9.8 Hz), 7.81 (1H, d, J=7.8 Hz), 7.44 (1H, d, J=10.5 Hz), 7.41 (1H, dd, J=8.2, 
5.5 Hz), 7.07 (2H, t, J=7.4 Hz), 6.81 (2H, t, J=7.6 Hz), 4.45 (2H, s), 4.27-4.24(2H, m), 3.51-3.45 
(2H, m), 2.74 (2H, t, J=6.9 Hz), 1.83-1.80 (2H, m), 1.81 (2H, t, J=6.4 Hz), 1.71-1.64 (2H, m). 
13C-NMR (100MHz, DMSO-d6): δ 165.4, 162.9, 159.3, 152.8, 150.0, 148.5, 137.8, 136.8, 130.3, 
129.6, 127.2, 126.6, 123.7, 121.4, 119.9, 116.9, 112.4, 72.7, 40.3, 33.4, 30.7, 28.1, 20.7. IR (KBr) 
cm-1: 3053, 2920, 2868, 1595, 1540, 1486, 1453, 1226. MS (ESI) m/z: 441 (M+H)+. HRMS (ESI) 
m/z: 441.2041 (calcd for C25H25N6O2 441.2039). Anal. Calcd for C25H24N6O2: C, 68.17; H, 5.49; N, 




1) 3-(3-Pyridyl)propanehydrazide (104). 
A mixture of methyl 3-(3-pyridyl)propanoate (103, 5.00 g, 30.3 mmol), hydrazine monohydrate 
(4.4 mL, 90.8 mmol) in EtOH (60 mL) was stirred at 80 °C for 3 days, concentrated, and 
coevaporated with toluene. The residue was triturated in Et2O, collected by filtration and dried in 
vacuo to give 4.83 g (96 %) of 104 as a colorless solid. 
1H NMR (400MHz, DMSO-d6): δ 8.98(1H, brs), 8.43(1H, d, J=2.0 Hz), 8.40(1H, dd, J=4.7, 1.6 
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Hz), 7.62(1H, d, J=7.8 Hz), 7.30(1H, dd, J=7.8, 4.7 Hz), 4.15(2H, brs), 2.83(2H, t, J=7.7 Hz), 
2.35(2H, t, J=7.7 Hz). MS (ESI) m/z: 166 (M+H)+. 
2) 2-(6-Chloropyridazin-3-yl)-5-[2-(3-pyridyl)ethyl]-1,3,4-oxadiazole (105). 
A mixture of 104 (561 mg, 3.39 mmol), 6-chloropyridazine-3-carboxylic (538 mg, 3.39 mmol), 
T3P (2.2 mL, 3.73 mmol), and Et3N (1.4 mL, 10.2 mmol) in DMF (5.0 mL) was stirred at room 
temperarure for 50 min, and added CH2Cl2 and saturated aqueous NaHCO3. The mixture was 
stirred at room temperature, and filtrated. The precipitate was triturated in CH2Cl2, and dried in 
vacuo to give 447 mg (43 %) of 6-chloro-N-[3-(3-pyridyl)propanimidoylamino]pyridazine-3- 
carboxamidine as a colorless solid. 
1H NMR (400MHz, DMSO-d6): δ 8.49(1H, d, J=2.0 Hz), 8.42(1H, dd, J=4.7, 1.5 Hz), 8.24(1H, d, 
J=9.0 Hz), 8.15(1H, d, J=9.0 Hz), 7.70(1H, d, J=7.8 Hz), 7.32(1H, dd, J=7.8, 4.7 Hz), 2.90(2H, t, 
J=7.7 Hz), 2.54(2H, t, J=7.7 Hz). MS (ESI) m/z: 306 (M+H)+. 
Using 6-chloro-N-[3-(3-pyridyl)propanimidoylamino]pyridazine-3-carboxamidine (207 mg, 0.677 
mmol), the same procedure as the preparation of 102 was performed to give 105 as an off-white 
solid (139 mg, 71 %). 
1H NMR (400MHz, CDCl3): δ 8.56(1H, d, J=2.3 Hz), 8.52(1H, dd, J=4.7, 1.5 Hz), 8.36(1H, d, 
J=8.6 Hz), 7.74(1H, d, J=9.0 Hz), 7.62(1H, d, J=7.4 Hz), 7.29-7.27(1H, m), 3.36(2H, t, J=7.1 Hz), 
3.27(2H, t, J=7.1 Hz). MS (ESI) m/z: 288 (M+H)+. 
3) 1'-[6-[5-[2-(3-Pyridyl)ethyl]-1,3,4-oxadiazol-2-yl]pyridazin-3-yl]-5-(trifluoromethyl)spiro 
[chromane-2,4'-piperidine] (107). 
Using 71a (64.8 mg, 0.211 mmol) and 105 (50.5 mg, 0.176 mmol), the same procedure as the 
preparation of 62k was performed to give 107 as a white solid (65.8 mg, 72 %). 
Mp: 191-193 °C. 1H NMR (400MHz, DMSO-d6): δ 8.53(1H, d, J=2.4 Hz), 8.44(1H, dd, J=4.7, 1.6 
Hz), 7.98(1H, d, J=9.8 Hz), 7.76(1H, d, J=7.8 Hz), 7.48(1H, d, J=9.8 Hz), 7.35-7.31(2H, m), 
7.27(1H, d, J=6.7 Hz), 7.18(1H, d, J=8.2 Hz), 4.29(2H, d, J=13.3 Hz), 3.52(2H, t, J=11.0 Hz), 
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3.36-3.31(2H, m), 3.15(2H, t, J=7.4 Hz), 2.89(2H, t, J=7.0 Hz), 1.91(2H, t, J=6.9 Hz), 1.85(2H, d, 




1) Methyl 6-[5-(trifluoromethyl)spiro[chromane-2,4'-piperidine]-1'-yl]pyridazine-3- 
carboxylate (108). 
Using 71a (307 mg, 0.998 mmol) and methyl 6-chloropyridazine-3-carboxylate (143 mg, 0.831 
mmol), the same procedure as the preparation of 62k was performed to give 108 as a brown solid 
(361 mg, quantitative yield). 
1H NMR (400MHz, CDCl3): δ 7.89(1H, d, J=9.4 Hz), 7.24-7.21(2H, m), 7.07(1H, d, J=7.0 Hz), 
6.92(1H, d, J=9.8 Hz), 4.39(2H, d, J=13.6 Hz), 4.00(3H, s), 3.55(2H, dt, J=17.8, 6.6 Hz), 2.97(2H, 




A mixture of 108 (186 mg, 0.457 mmol), 1N NaOH (0.50 mL) in dioxane (2.0 mL) was stirred at 
60 °C for 2 h, and acidified with 1N HCl. The mixture was extracted with CH2Cl2, dried over 
Na2SO4, and concentrated. The crude was dissolved in DMF, and added pyridine-3-carbohydrazide 
(63.1 mg, 0.464 mmol), BOP reagent (205 mg, 0.464 mmol), and Et3N (0.120 mL, 0.844 mmol) at 
room temperature. After 17 h, the mixure was diluted with CH2Cl2 and saturated aquaous NaHCO3, 
stirred for 1h, and filtrated. The precipitate was triturated in H2O and CH2Cl2, collected by 
filtration and dried in vacuo to give 278 mg (quantitative yieid) of methane;N'-(pyridine-3- 
carbonyl)-6-[5-(trifluoromethyl)spiro[chromane-2,4'-piperidine]-1'-yl]pyridazine-3- 
carbohydrazide as an off-white solid. 
165 
1H NMR (400MHz, DMSO-d6): δ 9.08(1H, dd, J=1.9, 0.8 Hz), 8.50(1H, brs), 8.22(1H, dd, J=4.9, 
2.9 Hz), 7.87(1H, d, J=9.3 Hz), 7.41(1H, d, J=9.8 Hz), 7.36(1H, d, J=7.0 Hz), 7.32(1H, d, J=8.2 
Hz), 7.27(1H, d, J=6.6 Hz), 7.18(1H, d, J=7.8 Hz), 7.18(2H, d, J=7.8 Hz), 3.49(2H, t, J=11.0 Hz), 
2.89(2H, t, J=6.4 Hz), 1.91(2H, t, J=6.8 Hz), 1.84(2H, d, J=13.7 Hz), 1.78-1.71(2H, m). MS (ESI) 
m/z: 513 (M+H)+. 
Using methane;N'-(pyridine-3-carbonyl)-6-[5-(trifluoromethyl)spiro[chromane-2,4'-piperidine]- 
1'-yl]pyridazine-3-carbohydrazide (105 mg, 0.205 mmol), the same procedure as the preparation of 
102 was performed to give 109 as a white solid (38.0 mg, 37 %). 
Mp: 205-207 °C. 1H NMR (400MHz, DMSO-d6): δ 9.28(1H, d, J=1.9 Hz), 8.85(1H, dd, J=5.1, 1.6 
Hz), 8.48(1H, dd, J=9.9, 2.1 Hz), 8.13(1H, d, J=9.4 Hz), 7.70(1H, dd, J=7.9, 4.7 Hz), 7.52(1H, d, 
J=9.8 Hz), 7.33(1H, dd, J=7.8, 7.9 Hz), 7.27(1H, d, J=7.1 Hz), 7.18(1H, d, J=8.2 Hz), 4.33(2H, d, 
J=13.3 Hz), 3.54(2H, t, J=10.8 Hz), 2.90(2H, t, J=6.3 Hz), 1.92(2H, t, J=6.7 Hz), 1.87(2H, d, 
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